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SERIES EDITOR'S FOREWORD 

The relationship between infection and arthritis has occupied the 
attention of everybody throughout the history of investigative rheu­
matology, no less today than formerlyl. The present issue is a com­
pilation of essays reflecting some of the facets of this particular 
diamond and I am especially grateful to authors and publishers alike in 
the unusual and tragic circumstances which attended its preparation. 

We were all stunned and saddened by the untimely death of Pro­
fessor John Calabro which deprived us of a good friend and wise 
counsellor as well as a much esteemed professional colleague. Prof. 
Calabro's contribution to medicine was considerable, spanning highly 
individual, exemplary and caring clinical management, enthusiastic 
charismatic teaching at all levels and major contributions to research 
particularly in the field of juvenile arthritis. As with Robert Burns, 
whose works John knew, "when will we see his like again?". A personal 
sadness is that I was looking forward to welcoming John and his wife 
to "Geordieland". There is a strong tradition of the highest level of 
competitive ballroom dancing here and John was looking forward to 
visiting us and demonstrating the considerable skills which he and his 
wife displayed in this arena. To his wife and family we all extend our 
heartfelt condolences. 

W. CARSON DICK 

1. Atkin, S., Walker, D., Mander, M., Malcolm, A. and Dick, W. Carson. (1988). 
Observation on the causes of rheumatoid arthritis. Br. J. Rheumatol., 27 (Suppl. 
2), 173-175 

IX 



1 
THE RED HOT JOINT -ACUTE 
MONOARTH RITIS 

P. N. Platt 

INTRODUCTION AND DIFFERENTIAL DIAGNOSIS 

The red hot joint or acute monoarthritis is one of the most important 
and satisfying diagnostic challenges in rheumatology. The rapid and 
accurate diagnosis of this problem can prevent potential severe and 
permanent joint damage and occasionally death. As such, acute 
monoarthritis must be treated as a medical emergency. 

A wide range of conditions can produce acute mono arthritis which, 
for the purposes of this chapter, is defined as a monoarthritis with 
significant features of inflammation of less than 14 days duration. 
Many of the causes of acute monoarthritis, including gout, calcium 
pyrophosphate arthropathy, reactive arthritis and septic arthritis, are 
also frequent causes of oligoarthritis. 

The satisfaction in dealing with patients with monoarthritis comes 
not only from the knowledge of potential benefit to the patient but also 
from the application of clinical skills, practical skills and laboratory 
investigations leading to a precise diagnosis in a high proportion of 
cases l . The clinical skills required are those which are central to good 
medical practice, i.e. accurate and informed history taking and careful 
medical examination. The principal practical skill required is the 
ability to aspirate joints. Many of the laboratory skills required should 
be available directly to the clinician, including polarizing light 
microscopy and the ability to produce appropriately stained micro­
scope slides. 



INFECTIONS AND ARTHRITIS 

The differential diagnosis of acute mono arthritis or oligoarthritis 
includes a wide range of conditions. The principal ones are classified 
in Table 1.1. 

The list given in Table 1.1 is not exhaustive. Other conditions have 
been reported to cause acute monoarthritis but are very infrequent 
causes, emphasizing the wide range of conditions that may have to be 
considered. 

TABLE 1.1 Differential diagnosis of acute monoarthritis 

1. Acute bacterial infections 
2. Crystal-induced diseases 

3. Trauma 
4. Spontaneous haemarthrosis 

5. Reactive arthritis 
6. Acute osteomyelitis close to a joint 
7. Local soft tissue lesion 

8. Initial phase of a chronic disorder 

PVNS = pigmented villonodular synovitis 

HISTORY 

- Gout 
- Calcium pyrophosphate 

arthropathy 
- Calcium hydroxyapatite 

arthropathy 

- Clotting disorders 
- Anticoagulants 
- Local synovial abnormalities 

e.g. PVNS 

- Infection 
- Crystal induced 
- Trauma 
- Rheumatoid arthritis 
- Psoriatic arthritis 
- Ankylosing spondylitis 
- Osteoarthritis 
- SLE, PAN, etc. 

It is important to take a detailed and accurate history. A knowledge 
of potential differential diagnoses allows appropriate lines of ques­
tioning to be followed. Unstructured questions and the failure to ask 

2 



THE RED HOT JOINT 

specific direct questions about, for example, urethritis and sexual 
contacts may lead to a diagnostic failure. 

The patient should be questioned about trauma at an early stage of 
the history taking. Series of cases of monoarthritis differ considerably 
in the proportion in which the cause was trauma. This is dependent 
on the source of patients and the amount of prior screening of the 
patient. In most rheumatological series, the incidence of trauma is low. 
If a history of trauma is elicited, it is important to try to establish its 
significance. Many patients with gout or acute calcium pyrophosphate 
arthropathy describe trauma to the affected joint a few days before the 
onset of monoarthritis. Less specifically, many patients who develop 
monoarthritis will have remembered a recent and otherwise unmem­
orable episode of minor everyday trauma to which they attribute 
significance. A history of recent trauma, unless major, should not be 
accepted as the cause of acute monoarthritis to the exclusion of further 
investigation. A history of an acute monoarthritis starting four to 
seven days after physical stress, such as surgery, is suggestive of gout 
or calcium pyrophosphate arthropathy. 

It is important to establish the mode of onset of the acute mono­
arthritis. The history of a patient being awakened by acute pain and 
inflammation in the great toe is very suggestive of gout. The sudden 
onset of pain when twisting the knee is suggestive of a mechanical 
cause. If the affected joint is only one of a number of joints affected 
to a lesser degree, or that have been affected in the immediate past, it 
increases the likelihood of one of the causes of polyarthritis presenting 
in an atypical way. These include reactive arthritides, seronegative 
spondarthritides, rheumatoid arthritis, etc. 

Questioning about the quality of pain may be helpful, pain at rest 
and stiffness being suggestive of an inflammatory cause. Pain may also 
be referred, the best example being the pain from disease in the hip 
being felt in the knee. A history of systemic illness, including shivering, 
rigors and pyrexia, may be obtained, particularly in those with septic 
arthritis. A history of influenza 10-14 days prior to the onset of acute 
monoarthritis is suggestive of staphylococcal infection. 

A detailed history is particularly important in cases of reactive 
arthritis and must include any episodes of diarrhoeal illness, however 
minor, sexual contacts, urethritis, rashes and conjunctivitis. Urethritis 
may appear as part of the complex of reactive arthritis associated with 
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INFECTIONS AND ARTHRITIS 

bowel organism-triggered disease and should not be assumed to be 
evidence of sexually transmitted disease. The speed and frequency of 
modern travel means that infections acquired abroad may be imported 
as a cause of monoarthritis. Therefore, a history of recent foreign 
travel and any insect bites may be relevant. 

A history of previous episodes of acute mono arthritis may be 
important. Recurrent attacks of podagra are strongly suggestive, but 
not diagnostic, of gout. Recurrent episodes involving knees and wrists 
are suggestive of calcium pyrophosphate arthropathy. A history of 
recent intra-articular injections raises the possibility of iatrogenic 
infection. 

A number of the conditions causing acute monoarthritis have a 
familial tendency and therefore a family history of gout, ankylosing 
spondylitis, rheumatoid arthritis, hyperlipidaemia, etc. may be import­
ant. 

Drugs can modify the clinical features of an acute monoarthritis. 
Knowledge of the patient's consumption of non-steroidal anti­
inflammatory drugs (NSAIDs), including aspirin, corticosteroids and 
antibiotics, is important. NSAIDs and corticosteroids are potent anti­
inflammatory agents which are capable of negating many of the 
inflammatory features of an acute monoarthritis. The inflammatory 
features of even septic arthritis will 'respond' very well to NSAIDs 
with potentially dire consequences. It is this masking of symptoms by 
anti-inflammatory agents which can make the diagnosis of septic 
arthritis in conditions such as rheumatoid arthritis very difficult. It 
is not recommended that anti-inflammatory agents are used in the 
treatment of patients with an acute monoarthritis until a firm diagnosis 
has been made. This is also true of antibiotics where casual use of 
antibiotics can modify the clinical picture and render accurate diag­
nosis impossible. An analogy with the use of antibiotics in subacute 
bacterial endocarditis is apt. 

EXAMINATION 

The examination of a patient with acute mono arthritis can be con­
sidered in two parts: examination of the appropriate joint or peri­
articular structures in detail and a general medical examination of 
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THE RED HOT JOINT 

the patient. Care in examination and concern to avoid unnecessary 
discomfort to the patient is frequently repaid in ability to examine the 
patient in more detail. If a painful but important procedure is required, 
leave it to the end of the examination. The fact that the patient is very 
unwilling to allow you to examine a joint can be a useful sign of 
marked inflammation. 

On inspection, it is important to note the colour of the affected joint. 
The genuinely bright red joint is evidence of intense inflammation and 
favours the most inflammatory conditions, such as bacterial infection 
or crystal-induced disease. A dark red or purple discoloration of the 
joint may be a feature of any of the inflammatory conditions. Evidence 
of trauma in terms of bruising or puncture marks should be sought. 
As well as changes in colour, the joint and periarticular area often has 
an increased temperature compared with surrounding areas. 

Swelling of a joint may be due to effusion, soft tissue swelling or 
bony enlargement. Due to the acute nature of the problem, it is 
unlikely that bony enlargement is directly relevant although it may 
be a sign of preceding problems. It is important to identify the source 
of the swelling anatomically. The distinction between swelling arising 
from the joint or from periarticular structures is significant, as is the 
difference between an effusion and fluid in periarticular structures, 
such as bursi or a Baker's cyst. 

The localization of tenderness is important. Ifthe process is affecting 
the joint itself, it should be tender over the whole of the joint margins. 
Localization of tenderness to a particular point suggests a periarticular 
structure rather than the joint itself. It is then important to identify the 
structure or structures involved. If tenderness is localized to tendinous 
insertion into bone, it suggests an enthesopathy typical of the reactive 
arthritides and seronegative spondarthritides. Acute inflammation in 
bursi, due to a number of causes, including trauma, infection and 
crystal-induced diseases, may mimic acute monoarthritis. Accurate 
localization of the problem should be the first step in diagnosis. 

Occasionally, a cellulitis occurring close to a joint may be difficult 
to distinguish from acute monoarthritis. In the case of gout and septic 
arthritis, there may be a significant cellulitic reaction associated with 
the affected joint. One mechanism by which this occurs is rupture of 
a joint capsule. This mechanism is applicable to any joint in which 
there is rapid formation of an effusion. It is best recognized in the 
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knee with the formation and rupture of a Baker's cyst. Normal synovial 
fluid released into soft tissues produces little reaction. However, if 
fluid from an actively inflamed joint, particularly a septic joint, is 
released into soft tissue, then a dramatic cellulitic reaction is provoked. 
This may even overshadow the original problem. The direction in 
which the fluid tends to track is dependent on the posture of the 
patient. In the case of a knee joint of a mobile patient, the fluid will 
normally track down into the calf. If the rupture occurs at a time 
when the patient is already on bed rest, which reduces the likelihood 
of the occurrence, the fluid may track into the thigh. 

It is important to assess whether there is any evidence of tenderness 
over bone. An acute osteomyelitis close to a joint can present as an 
apparent acute monoarthritis including the presence of a sympathetic 
effusion2• It is also important to detect at an early stage the presence 
of osteomyelitis in periarticular bone secondary to a primary septic 
arthritis as this may have implications for treatment. 

The range of movement in the affected joint is important. In an 
acutely inflamed joint, there may be no movement in any direction, 
the limitation of movement being due to a combination of pain and 
muscle spasm. In periarticular problems, there is often maintenance 
of movement until the particular structure is brought into play. 

On general examination, the presence of pyrexia may be important 
but cannot be assumed to be due to infection. Patients with severe 
attacks of gout are frequently pyrexiaP, the pyrexia presumably being 
mediated through the release of interleukin-l. 

Lymphadenopathy in the areas draining an inflamed joint is to be 
expected. However, generalized lymphadenopathy may suggest an 
underlying process leading to an immune compromised state pre­
disposing to infection. 

The skin should be examined for rashes, ulcers, pustules, infarcts, 
needle marks, suggesting iv drug abuse, tophi, xanthomata, etc. As 
listed above, a wide range of dermatological markers may be important 
in the differential diagnosis of acute monoarthritis. Many are impqrt­
ant clues to an infective or reactive aetiology. The presence of ulcer­
ation or other septic focus may provide clues to the portal of entry of 
an infection. The range of infective organisms capable of causing 
septic arthritis or a reactive arthritis is extensive and, hence, the 
number of possible dermatological manifestations is too great to 
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record here in detail. Some of the common or characteristic mani­
festations include: pustular lesions and infarcts in gonococcal sep­
ticaemia, vasculitic infarcts in staphylococcal septicaemia, vasculitic 
lesions in Henoch-Schonlein purpura, keratoderma blennorrhagica 
and balanitis in Reiter's syndrome. Non-infective skin lesions include 
tophaceous deposits. Although these are a late feature in primary gout 
they may be an early or even presenting feature in diuretic-induced 
gout4• Xanthomata raise the possibility of hyperlipidaemia, which is 
associated with a number of patterns of arthropathy, including a 
monoarthritis5 • 

A detailed general examination of all systems is required, for 
example acute monoarthritis is a recognized presentation of subacute 
bacterial endocarditis. Conjunctivitis and uveitis are features of reac­
tive arthritis. 

EXAMINATION OF SYNOVIAL FLUID 

The aspiration of a joint to obtain a sample of synovial fluid for 
examination is central to the management of acute monoarthritis. 
Joint aspiration is a safe procedure. The potential benefits exceed the 
possible drawbacks in the vast majority of cases. The main contra­
indications occur when the pathology is extra-articular. If the problem 
is a cellulitis close to a joint, but the joint is felt to be normal on 
clinical grounds, it may be wiser not to attempt to aspirate the joint 
through the cellulitis for fear of introducing infection into the joint. 
Anticoagulation is not a significant contraindication to aspiration. 
Good technique and a 21 gauge needle should produce no significant 
trauma. 

Small amounts of synovial fluid may be valuable in making a 
diagnosis. Even the contents of the aspirating needle can be expelled 
and used to produce a slide for microscopy. The priorities are making 
slides and culture. If no fluid is obtained and septic arthritis is sus­
pected the joint should be irrigated with saline and the aspirate sent 
for culture. 
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TABLE 1.2 Examination of synovial fluid 

1. General description 
2. Culture 
3. White cell count 
4. Conventional light microscopy 
5. Polarizing light microscopy 
6. Special tests 

General description 

Normal synovial fluid is clear and colourless or pale yellow. The 
turbidity of abnormal synovial fluid increases as the white cell count 
increases. This correlates roughly with the degree of inflammation 
present. Turbid synovial fluid can, however, be due to the presence of 
large quantities of crystals, lipids, fibrin or cartilage fragments. Rice 
bodies, so called because of their resemblance to polished rice, occur 
in inflammatory fluids, particularly from septic arthritis. They are 
formed by microinfarction of synovial villi6• 

The presence of blood in the aspirate may indicate a traumatic tap 
or one of the true causes of haemarthrosis. These include: trauma, 
synovial vessel abnormalities and pigmented villonodular synovitis 
and bleeding disorders, including haemophilia, thrombocytopenia and 
anticoagulants. In some cases, no obvious cause of bleeding is found. 
A traumatic tap can normally be distinguished as the blood is not 
evenly distributed and may clot locally. Normally synovial fluid does 
not clot due to the absence of fibrinogen and several clotting factors. 
However, pathological synovial fluid may clot, the size of the clot 
being roughly proportional to the degree of inflammation 7• 

Culture of synovial fluid 

It should be a routine procedure to culture the synovial fluid from 
all cases of acute monoarthritis even though the diagnosis appears 
obvious. If possible, avoid contaminating the synovial fluid sample 
with local anaesthetic. 
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When adequate volumes of synovial fluid are obtained, they should 
be divided as follows: 5-10 ml in a sterile container for culture and 
antibiotic sensitivity; 4 ml into an EDTA tube for total white cell 
counts and differential counts; a small volume to make several slides. 
The remainder should be stored at 4°C for further use depending on 
preliminary findings. It is important that the sterile container used for 
the synovial fluid sample is previously unused. Recycled containers 
have been found to contain dead bacteria which may cause diagnostic 
difficulties on Gram-stained slides8. If there is any difficulty in trans­
porting the samples to the laboratory, it is wise to inoculate a small 
volume of synovial fluid into 'blood culture bottles'. A greater success 
rate for the isolation of organisms can be achieved if there is close co­
operation with the bacteriology department for handling of samples 
and appropriate cultures. Synovial fluid antibiotic levels measured on 
repeated aspirations can help to ensure adequate antibiotic levels. 

White cell counts 

White cell counts can be performed either with a Coulter counter or 
with a haemocytometer and microscope. Very viscous samples of 
synovial fluid may cause technical difficulties with a Coulter counter 
because of the high viscosity. Normal synovial fluid contains less than 
0.5 x 109 cells per litre. Pathological fluids can be categorized as non­
inflammatory (0.5 x 109 to 5 X 109 per litre), inflammatory (5 x 109 to 
50 X 109 per litre) and septic (greater than 50 x 109 per litre). In one 
large series, the cell counts in septic arthritis were greater than 50 x 109 

cells per litre in 70% of cases9 • The cases of septic arthritis with white 
cell counts below 50 x 109 comprised two groups: those with relatively 
mild disease, often gonococcal, and a second group with a high 
mortality who appeared unable to mount a normal leukocytosis. Gout 
and calcium pyrophosphate arthropathy occasionally show white cell 
counts above 50 x 109 per litre. The possibility of coexisting infection 
with these conditions is well recognized 10.11. 
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Conventional light microscopy 

Fresh synovial fluid should be examined under the microscope as soon 
as possible to minimize artefacts. Initially, the slide should be scanned 
using a low-power lens to detect the presence of cells, cartilage frag­
ments and fibrin clots. Cytoplasmic inclusions can be seen in some 
polymorphonuclear leukocytes. These are best seen using phase con­
trast microscopy or the partial phase effect produced by increasing 
the distance of the condenser from the slide. Their presence has 
been reported in rheumatoid arthritis, gout, calcium pyrophosphate 
arthropathy and infectionl2 • The so-called Reiter's cells l3 , macro­
phages that have phagocytosed polymorphs, have not proved to be 
specific for that condition 14. Flat cells and bone spicules are occasion­
ally seen and are indicative of trauma and possible intra-articular 
fracture. 

Differential white cell counts require the use of stained preparations 
for accurate identification. A few drops of methylene blue added to 
the synovial fluid is helpful but better results are obtained by the use 
of a dried smear of synovial fluid stained with Wright's stain. Details 
of the method are contained in reference l2 . In synovial fluids from 
non-inflammatory conditions, mononuclear cells predominate. As the 
cell counts increase, the polymorphonuclear leucocyte becomes the 
predominant cell. Monocytosis has been described in patients with 
acute arthritis associated with virus infections, particularly hepatitis 
Band rubella l5 • 

The use of Gram's stain may provide a rapid diagnosis in a case of 
suspected septic arthritis and allow the use of more specific antibiotic 
treatment. A Gram stain showing no bacteria does not exclude infec­
tion. It may be difficult to detect Gram-negative bacteria due to the 
background of cells and debris. Positive smears for Gram-negative 
bacteria were found in only 50% of culture-proven cases in one series l6 • 

False positive results may be produced by irregular staining of clots 
producing an appearance similar to clumps of Gram-positive cocci. 
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Polarizing light microscopy 

The use of polarizing light microscopy has enhanced the ability of a 
clinician to make an accurate diagnosis in cases of acute monoarthritis 
due to crystal-induced diseases. Crystalline material is highlighted 
on a polarizing light microscope due to the property of crystals of 
birefringence. Accurate identification of small crystals requires the use 
of a purpose-built polarizing light microscope. Meaningful results 
can be obtained with a conventional light microscope if fitted with 
polarizing lenses, particularly if a compensator can also be fitted 
between the specimen and the analyser. Detailed accounts of the 
physics of polarizing light microscopy are available 17,12. Polarizing 
light microscopy is a powerful technique but prone to form artefacts 
in the hands of the inexperienced or unwary. 

It is important that the microscope, slides and coverslips are kept 
dust free. Also it is important to select 'clean' slides. Many new slides 
are covered with birefringent material which shows up under the 
polarizing light microscope and makes the identification of small 
crystals difficult. Synovial fluid samples should be examined as soon 
as possible with the polarizing light microscope as storage may lead 
to the artefactual formation of crystals. Brushite crystals, occurring 
as large positively birefringent crystals frequently arranged in a star, 
have been described in this context as have urate crystals18 • If the slide 
is not to be examined immediately, it is important to seal the edge of 
the coverslip with a sealant to prevent drying and the formation of 
artefacts. It is possible to examine dried slides stained with Wright's 
stain although this does reduce the diagnostic yield19 . 

Polarizing light microscopy should be commenced with a low-power 
lens and the polarizing lens set crossed to produce a dark background. 
In this mode, crystalline material will show up as bright objects against 
the dark background. When birefringent material has been identified, 
more detailed observation using the compensator and a high-power 
lens is required. Crystals have predominantly sharp, straight, clearly 
defined edges in contrast to the indistinct forms of many artefacts. 
Although extracellular crystals may be of significance, intracellular 
crystals are more likely to be a genuine finding unless crystalline 
artefacts, such as lithium heparin, were introduced before the slide 
was made. 
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Monosodium urate crystals (MSU) and gout 

MSU crystals are typically needle-shaped, negatively birefringent crys­
tals which are diagnostic of gout. In practical terms, negatively bire­
fringent crystals are crystals that appear yellow when the long axis of 
the crystal is parallel to the axis of the polarizing light microscope. 
The axis is normally marked by the compensator. They are typically 
2-20 pm in length and intracellular, or at least attached to poly­
morphonuclear leucocytes. The absence of MSU crystals does not 
exclude a diagnosis of gout but the finding of a single crystal is 
significant. In cases where crystals are absent in an otherwise typical 
attack of gout, it is worthwhile reaspirating the joint 24 h later when 
crystals will often be found. 

Calcium pyrophosphate crystals (CPPD) and calcium 
pyrophosphate arthropathy 

CPPD crystals are diagnostic of calcium pyrophosphate arthropathy 
or pseudo gout. They are variable in size and shape but are normally 
in the range of 1-10 pm, smaller crystals being beyond the resolution 
of light microscopy. The classical description is of a rhomboid shape, 
often with a chip taken out of one corner. They are usually weakly 
positively birefringent. In some cases, the crystals appear square and 
it is difficult to distinguish the long axis and hence its optical axis. The 
number of crystals seen in very variable as is their intra- or extracellular 
location. Fibrin clots should be examined if present, as CPPD crystals 
are frequently found entangled in them. It may be difficult to dis­
tinguish small extracellular CPPD crystals from artefacts and it is wise 
to under- rather than over-diagnose if not sure. 

Cholesterol crystals 

There are recognized readily by their large size, 10-100 pm, and their 
appearance as stacked rectangular or rhomboid plates. They have been 
described in a number of hyperlipoproteinaemias and rheumatoid 
arthritis20,21. 
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Other crystal types 

Calcium hydroxyapatite crystals cannot be identified accurately by 
polarizing light microscopy but their presence can be inferred by small 
weakly birefringent masses of material with an appearance like stacked 
coins. The use of alizarin red stain has been suggested as a method of 
detecting calcium hydroxyapatite crystals22 but it is not specific and 
prone to artefact. Brushite crystals, large strongly positively bi­
refringent crystals, have been reported23 but may be artefactuaps. The 
depot forms of several local steroid preparations are crystalline in 
form and may persist for some time after injection. When seen in 
synovial fluid, they are normally present in large numbers, variable in 
size and very optically active. Calcium oxalate crystals, recognized by 
their characteristic pyramidal shape have been reported in effusions 
in patients on maintenance haemodialysis24. 

Other tests on synovial fluid 

A low synovial fluid glucose, when compared with a paired serum 
sample, is said to suggest infection. This is non-specific and purely a 
function of a high white cell number and provides no evidence beyond 
a white cell count. Protein and complement levels are non-specific and 
rarely of diagnostic significance. Rheumatoid factors and antinuclear 
factors produce more difficulty in interpretation than diagnostic help!. 

OTHER INVESTIGATIONS 

Radiology 

An X-ray film of affected and contralateral joints are an essential 
part of the investigation of a patient with acute monoarthritis. After 
synovial fluid examination, it is the investigation most likely to 
produce a diagnosisl. Many of the films taken will be normal apart 
from changes in soft tissue swelling, non-specific oedema and effusion. 
However, they are still of importance as they provide a baseline for 
further comparison. Calcification of articular cartilage, chondro­
calcinosis, may be due to the deposition of a range of calcium 
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salts. The best recognized and most common is CPPD in calcium 
pyrophosphate arthropathy. Calcium hydroxyapatite and brushite 
have also been reported although the significance of brushite is not 
clear. Calcium oxalate crystals producing chondrocalcinosis has been 
reported in haemodialysis patients24. Soft tissue calcification in 
periarticular structures may be of significance and is almost invariably 
due to calcium hydroxyapatite crystals. Calcific supraspinatus ten­
dinitis is the best recognized of the calcific periarticular syndromes. It 
is frequently misdiagnosed as an acute monoarthritis because of the 
intense inflammation induced by the release of the calcium hydroxy­
apatite crystals. Synovial calcification suggests osteochondromatosis 
or pigmented villonodular synovitis. 

The time course of radiological change in bone is such that any 
boney changes seen, apart from fractures, must pre-date the symptoms 
of acute monoarthritis. Radio-isotope scanning with either technetium 
or gallium is not normally of sufficient specificity to be diagnostic. It 
may provide evidence of acute osteomyelitis prior to conventional 
radiology and may identify early disease at sites other than the pre­
senting joint. 

Blood tests 

No single haematological, biochemical or serological investigation can 
be considered diagnostic. White cell counts are elevated in most, but 
not all, cases of septic arthritis and some cases of gout. A normal 
white cell count in septic arthritis may be indicative of failure to 
respond normally and a poor prognosis. Hyperuricaemia is too 
common for uric acid levels to be of value in the diagnosis of gout. 
Although a normal level makes a diagnosis of gout unlikely, it does 
not exclude it. 

Autoantibodies and complement levels are non-specific, and, in 
one series of 59 patients with acute monoarthritis, they were not of 
diagnostic significance i . If a reactive or viral arthritis is suspected, 
serological and viral titres may be informative. 
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Bacteriological cultures 

In addition to the routine culture of synovial fluid samples, swabs 
from skin lesions, urethra and vagina may be indicated. If septic 
arthritis is suspected blood cultures should be taken. 

ArthroscoPV 

In cases of acute monoarthritis which have proved resistant to diag­
nosis and persistent, arthroscopy offers increased diagnostic possi­
bilities by direct visualization and synovial biopsy for culture and 
histology. Direct visualization makes the technique superior to blind 
needle biopsy in obtaining tissue for histology. 

CONCLUSIONS 

A wide range of conditions are capable of producing acute mono­
arthritis and are amenable to diagnosis. Some cases of acute mono­
arthritis remain resistant to diagnosis, but, in many instances, these 
have a good prognosis with symptoms resolving, the aetiology of their 
mono arthritis remaining obscure. The speed of diagnosis is important, 
particularly in cases of septic arthritis25 where a delay of 24 hours may 
alter the prognosis significantly. With accurate early diagnosis and 
appropriate treatment, the prognosis for the vast majority of patients 
is excellent. 
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2 
THE RELATIONSHIP BeTWEEN 
BACTERIA, RELATED ORGANISMS 
AND CHRONIC ARTHRITIS 

P. T DAWES and T SHEERAN 

INTRODUCTION 

There is a historical causative association between arthritis and infec­
tion. This has now been firmly established as an aetiological relation­
ship following advances in the fields of microbiology, immunogenetics 
and clinical rhematology. Astute observation and belief in an infective 
cause for arthritis has provided rheumatologists with many of the 
current anti-arthritic drugs. At the end of the last century, gold was 
shown to inhibit growth of tubercle bacilli and Forestier, assuming 
tuberculosis and rheumatoid shared a common aetiology, showed it 
to be effective for arthritisl. Gold also inhibits mycoplasma, which 
have also been implicated in causing rheumatoid arthritis2. Sul­
phasalazine was developed in the belief that rheumatoid arthritis was 
infective in origin3. Following initially disappointing trials, it has 
now been shown to be effective in both ankylosing spondylitis4 and 
rheumatoid arthritis5 • In rheumatoid arthritis, it is the bacteriostatic 
sulphapyridine that is the active moiety6. The sulphones, dapsone7 

and sulphamethoxazole8 are also effective in rheumatoid arthritis. 
There are many other drugs, i.e. chloroquine, levamisole, metron­
idazole, clotrimazole, rifampicin, derived for infective conditions, 
which have been used with variable success in the treatment of 
rheumatoid arthritis. With our better understanding, it is foreseen 
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that there will be a more rational approach to diagnosis and manage­
ment of many rheumatic diseases. In this chapter, we have attempted 
to encompass the many facets relating infection to chronic arthritis. 
We hope this is conveyed with some enthusiasm to stimulate the 
reader's perception of this important topic. 

BACTERIAL INFECTION IN PATIENTS WITH ESTABLISHED 
ARTHRITIS 

Reduced mobility, reduced nutrition, end organ damage, the presence 
of damaged joints and prostheses and drug treatment, including non­
steroidal anti-inflammatory drugs9, all predispose the chronic arthritic 
to infection. In rheumatoid arthritis and systemic lupus erythematosis, 
there are also impaired host defence mechanisms associated with the 
disease. 

Rheumatoid arthritis 

Infection may contribute to morbidity and mortality in rheumatoid 
arthritis 10, increasingly since the use of immunosuppressive agents II. 

Pulmonary and renal tract infection, skin sepsis and septic arthritis 
are most commonI2,13. Rheumatoid patients with Felty's syndrome 
are particularly predisposed, being a specific subset of rheumatoid 
arthritis strongly associatedl4 with DRW4, sero-positivity for IgM 
rheumatoid factor, often with a positive antinuclear factor. Although 
joint damage may be severe, inflammatory synovitis is often clinically 
inactive. Neutropenia is the cardinal defect in Felty's syndrome and 
can occur in rheumatoid without the other features. Neutropenia 
may even precede the signs of arthritis I 5,16. Although neutropenic 
rheumatoid patients are predisposed to infection II, the peripheral 
blood neutrophil count correlates poorly with the number and severity 
of infective episodesl7 and patients can remain infection free for many 
years18 • Infections are often due to common organisms l9 • During 
infection, the neutrophil count may return to normal but is seldom 
elevated. The bone marrow picture varies from normal to myeloid 
hyperplasia with maturation arrest; rarely does it show depression of 
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myeloid activity 17 • A moderate anaemia, due to shortened red blood 
cell survival, and thrombocytopenia occur. There are two basic mech­
anisms contributing to the pathogenesis of rheumatoid neutropenia: 

(1) Increased removal - laden with complexes2o,21, neutrophils are 
sequestrated in the spleen22 • Neutrophil antibodies often occurring 
in antinuclear factor positive individuals also reduce survival 
time23,24. 

(2) Reduced proportion - reduced neutrophil reserves result from an 
inhibition of maturation25,26, possibly mediated by T suppressor 
cells27 • 

As well as neutropenia there is also neutrophil dysfunction due to 
impaired chemotaxis and phagocytosis28- 31 . Hypocomplementaemia24, 
IgA deficiency and hypogammaglobulinaemia may also be important 
predisposing factors. 

Systemic lupus erythematosus 

The major cause of death in the pre steroid era was infection and this 
is still the most likely cause of pyrexia in active disease32 . Infections 
may relate to the relative deficiency of complement, important in 
bacterial killing. This lack of complement can result in large insoluble 
immune complexes which are not dispersed by the reticulo-endothelial 
system but still impair its function33,34. Infections can precipitate 
disease flares, and a rise in DNA antibodies and other immune par­
ameters does not exclude infection. C-reactive protein is helpful in 
distinguishing between infection and active disease. It is marginally 
raised during a disease flare but very high if infection is present. In 
unwell patients, infection, including opportunistic infections, must be 
diligently sought. Often, treatment is commenced before the results of 
cultures are known. 

ORGANISMS CAUSING CHRONIC ARTHRITIS 

It is apparent that organisms induce different patterns of arthritis by 
a number of different mechanisms. For convenience we have examined 
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the relationship between infection causing arthritis from four, fre­
quently merging, viewpoints: 

(a) Chronic arthritis due to an intra-articular organism. 
(b) Chronic arthritis due to extra-articular organisms (reactive 

arthritis). 
(c) Animal models that demonstrate a relationship between bacteria 

and arthritis. 
(d) Speculative and unproven links between chronic arthritis and 

infection. 

ARTHRITIS DUE TO BACTERIAL INVASION OF THE JOINT 

Tuberculous arthritis 

Both typical (Mycobacterium tuberculosis, M. bovis) and atypical (e.g. 
M. kanasii, M. avium, M. Jortuitum) forms of tubercle bacillus are 
capable of causing a chronic granulomatous arthritis. Although atypi­
cal infection is rare and difficult to confirm, it is an important cause 
of chronic joint sepsis35. Between I and 2% of patients with tubercu­
losis have skeletal disease, only half of whom have active pulmonary 
disease, yet almost all are Mantoux test positive. Skeletal infection is 
classically in the thoracolumbar spine resulting in disc destruction, 
vertebral collapse and gibbous deformity. A paraspinal abscess is often 
present and can lead to cord compression. Unilateral sacroiliitis is 
often a diagnostic dilemma and tuberculosis is a well-recognized cause. 
Extraspinal disease often affects the hip, and, less frequently, the knee, 
ankle or wrist. Usually it is mono-articular and insidious in onset, 
with presence of sinus tracts arousing suspiscion. Aspiration of a 
tuberculous joint can show 'rice bodies', culture may reveal acid-fast 
bacilli but diagnosis often requires synovial biopsy. Musculoskeletal 
infection can also present as chronic tenosynovitis, bursitis or dactyl­
itis, particularly in children. The risk of developing this infection and 
its unusual manifestations is increased in certain ethnic groups36. 

Pulmonary tuberculosis has been implicated in causing a reactive 
arthritis (Poncet's disease) which is said to have a temporal relationship 
to pulmonary disease activity37,38. This manifestation is rare and, as 
an entity, remains questionable. Arthritis due to leprosy is covered 
elsewhere. 
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Brucellosis 

Brucellosis is a zoonosis affecting a wide range of animals, the strains 
B. suis (pig), B. melitensis (sheep), B. canis (dog) and B. abortus 
(cattle) being the main human pathogens. Bone and joint disease com­
plicates about 9% of brucella infections but varies depending on where 
the infection is contracted and which organism is prevalent39. In many 
countries, infection is being eradicated in animals and disease is seen 
only after occupational exposure40. Diagnosis is difficult and, in skel­
etal brucellosis, cultures are frequently negative41 ; positive serology 
may be crucial42. This can bedevil the clinician trying to establish a 
diagnosis as the infection may cause either joint sepsis (often spinal 
or sacroiliac) requiring antibiotics or a reactive arthritis and spon­
darthritis. It is wise to regard all patients as having active infection 
requiring antibiotics even in the absence of positive cultures43. The 
type of arthritis may be dictated by the interaction between HLA 
status and the antigen differences between brucella strains44. Brucella 
melitensis and B. abortus are both reported as causing reactive 
disease45-47. Brucella abortus infection in HLA B27 + ve individuals is 
reported as causing a chronic spondarthritis48. 

Whipple's disease 

This is a rare multisystem disease, commoner in males. It is char­
acterized by episodes of polyarthritis49 which may precede the other 
manifestations of disease and mimic many arthropathies. Weight loss, 
diarrhoea, lymphadenopathy, skin pigmentation, pleuro-pericardial 
and progressive eNS disease may all occur50. Patients are often 
anaemic, with steatorrhoea, reduced xylose absorption and partial 
villous atrophy on jejunal biopsy. The attacks of arthritis can be 
palindromic and severe joint deformity is unusual. Some patients 
develop sacroiliitis and spondarthritis51 ,52 although the relationship 
with HLA B27 is not clear53 . The diagnosis rests on identification of 
PAS (periodic acid Schiff stain) staining macrophages in synovium 
or jejunum on light microscopy. Electron microscopy demonstrates 
intracellular micro-organisms54. It is difficult to define the arthritis as 
a reactive or a true infective disease as the organism has not been fully 
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characterized nor cultured in vitro55 • It would seem that the organism 
is sensitive to antibiotics which improve the arthritis. This suggests . , 

direct infection within the joint is important. When establishing the 
diagnosis, multiple jejunal biopsies may be required to show PAS­
positive macro phages as skip lesions occur. 

Lyme disease 

Lyme disease was first described in Lyme, Connecticut, USA but is 
now recognized as having a worldwide distribution56• It is a salutory 
lesson that recognition of this disease was initially made by parents 
who had observed a clustering of arthritis around the summer and 
autumn months. 

Lyme disease was thought to be an autoimmune illness but discovery 
of the tick-borne spirochaete, Borrelia burgdorferi, has revealed its 
true nature. Initially thought to be a disease confined to joints, it is 
recognized as a multisystem disorder with cardiovascular, neurological 
and dermatological manifestations which mimic a 'connective tissue 
disease' 57 • 

In Europe, the infection58 causes a different clinical picture with 
chronic skin and neurological problems predominating. This may 
reflect subtle differences in the spirochaete though cases of arthritis 
are now being recognized59--{j2. The infection is transmitted to humans 
following a bite from Ixodes dammini, other related ticks and possibly 
fleas from deer, mice and even household pets. Following the initial 
description of the arthritis63, it became apparent that Lyme disease 
has three major stages64 • 

Stage 1 

Three to 32 days after a tick bite, a pruritic skin lesion resembling a red 
ring occurs around the thigh, groin or axilla. This is called erythema 
chronicum migrans. This initial rash is often followed by smaller 
annular lesions covering the whole body except for the palms and soles. 
During this phase constitutional upset with fever, malaise, cough, 
headaches, meningism, arthralgia, splenomegaly, lymphadenopathy 
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and conjunctivitis occurs. Ther~ is associated anaemia, elevated ESR 
and raised IgM levels. Urine examiriation can suggest a transient 
glomerulitis although serum creatinine remains normal. It is possible, 
by an Elisa technique, to demonstrate an IgM -specific antibody to the 
spirochaete which reaches a peak level between 3 and 6 weeks. The 
presence of IgM cryoglobulins may predict later complications of 
disease. The appearance of an IgG antibody is often associated65 with 
stages 2 and 3. 

Stage 2 

Cardiac and neurological complications occur weeks to months after 
the initial infection. Diffuse myocardial and pericardial disease occurs 
with varying forms of atrioventricular conduction defects. A further 
10% develop significant neurological disease due to a iymphocytic 
meningoencephalitis, with transient cranial nerve palsys (often facial) 
and motor/sensory neuropathies. 

Stage 3 

This final stage may occur either weeks or years after inoculation 
with the spirochaete. It is characterized by chronic joint, skin or 
neurological disease. The neurological disease manifests as de­
myelination and progressive dementia66, skin involvement by a wide 
spectrum of conditions, i.e. acrodermatitis chronica atrophicans, lym­
phocytosis cutis benigna and even morphea67. 

Joint disease is characterized by two merging phases. Sixty per cent 
of patients develop intermittent episodes of a monoarticular/ 
oligoarticular/migratory arthritis during early disease Which 
may last from weeks to months68. The commonest joint affected is the 
knee and lack of marked synovial swelling helps to differentiate it 
from seronegative rheumatoid arthritis. About 10% of patients pro­
gress and develop a chronic arthritis with palpable synovitis. The 
chronic joint, skin and neurological manifestations often occur in 
patients possessing the histocompatability antigen, DR269. Synovial 
fluid examination shows an inflammatory fluid with reduced C3 comp-
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lement, immune complexes and cryoglobulins. Although radiological 
erosion is unusual, histologically there is pannus formation with car­
tilage damage. The one major histological difference from rheumatoid 
is demonstration of the organism in 25% of synovial biopsies. Treat­
ment in the early stage with tetracycline, penicillin or erthyromycin64 

seems to prevent progression to the later stages. Parenteral penicillin 
may be required in these later stages and can be complicated by a 
Herxheimer reaction. Unfortunately, not all cases resolve with anti­
biotics alone and prednisolone and hydroxychloroquine have been 
used for the neurological and joint disease. This suggests an auton­
omous inflammatory stage in the absence of viable organisms. Immu­
nologically, it is similar to other arthropathies with lymphocytic 
dysfunction important in causing the long-term sequelae7o,71. 

Other spirochaetes 

Congenital syphilis can cause recurrent joint effusions (Clutton'sjoints) 
and be confused with juvenile arthritis72• Secondary syphilis with rash 
and fever can present as arthritis73 • Tertiary disease is also associated 
with a synovitis as well as neuropathic and gummatous joints. Spon­
dylitis with spinal ankylosis, and periostitis are also manifestations of 
this disease. The treponema causing Yaws can give rise to similar 
articular manifestations. 

Leptospira, including L. icterohaemorrhagiae, have been reported 
as causing arthritis74-77. 

Streptobacillus moniliformis 

This aerobic Gram-negative bacillus is an inhabitant of mice and rats. 
Following a bite, patients develop recurrent fever (rat bite fever), 
headache, malaise, lymphadenopathy, splenomegaly, a desquamative 
rash occasionally with pustules and arthritis78 • The arthritis is usually 
polyarticular, affecting large and small joints. The organism can be 
demonstrated in synovial fluid. Unless treated with penicillin and 
streptomycin, the arthritis can persist and produce permanent joint 
damage. 
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Mycoplasma 

Mycoplasma are the smallest free-living organisms and, although 
lacking a true cell wall, they do have a membrane enclosing cytoplasm, 
DNA and RNA. There are three main families of mycoplasma, of 
which Mycoplasmataceae are the important human pathogens. Two 
forms of joint problem are seen. Firstly, a reactive form; patients 
with a mycoplasma pneumonia may develop arthralgia and myalgia, 
with symptoms lasting up to 12 months79- 81 • Also, ureaplasma are 
involved in causing urethritis and hence reactive arthritis82,83. 

Secondly, mycoplasma may invade the joint producing a septic 
arthritis and are an important cause of arthritis in patients with hypo­
gammaglobulinaemia. These patients are already prone to a poly­
arthritis requiring gammaglobulin84 but, if a septic joint develops, 
active exclusion and treatment of mycoplasma is required85- 87 . 

REACTIVE ARTH R ITI S 

In simplistic terms, this form of arthritis is the result of an interaction 
between a susceptible human genotype and an organism, i.e. soil 
+ seed = arthritis. The arthritis is caused by extra-articular infection 
in the absence of viable intra-articular organisms88,89. Reactive arthritis 
is characterized by: 

(1) An interval between the triggering infection and the onset of 
arthritis. 

(2) Negative synovial fluid culture. 
(3) No response to antibiotics. 

Although many reactive arthropathies were once regarded as self­
limiting diseases, there is now evidence that many patients develop 
persistent joint problems. Reactive arthritis can be split into two broad 
categories90• Firstly, non-HLA B27-related arthropathy. Secondly, 
HLA B27-related arthropathies which occur after an increasingly 
recognized number of infections. These patients often display similar 
clinical features, but unfortunately possession of HLA B27 is not 
diagnostic. It is likely that there are other unrecognized host factors91 • 
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Reactive arthritis not related to H LA B27 

Rheumatic fever 

It has been suggested that this represents a streptococcal-induced 
auto-immune disease. It follows infection with Group A p-haemolytic 
streptococci, an organism that has similar antigens to those found in 
muscle sarcolemma92,93. Antibody deposition occurs on heart valves94 
and increased titres are associated with extracardiac complications, 
including arthritis95. There would seem to be a genetic predisposition 
to rheumatic fever95 which has not been shown to be HLA linked. 
Rheumatic fever, now rare in children in developed countries, is still 
seen in adults. The diagnosis may be missed as the cause of arthritis 
as the other clinical findings of carditis, chorea and skin lesions, are 
often absent96• The adult arthrqpathy is often a progressive sym­
metrical large joint disease with associated tenosynovitis. This often 
develops within a week of infection97. This contrasts with chronic 
rheumatic fever where recurrent attacks can produce a deformity 
similar to rheumatoid arthritis (Jaccoud's atthritis)98. 

Meningococcal arthritis 

Arthritis is a recognized complication99 in 2-10% of patients with 
meningococcal meningitis. However, arthralgia is more usual than 
arthritis, and affects the knee, wrist, elbow and ankle. Onset of the 
joint disease coincides with an urticarial or vasculitic rash 100 and 
occasionally episcleritis. These usually occur when the meningeal signs 
are resolving. Different forms of arthritis have been reported 101, includ­
ing joint sepsis l02 and Reiter's syndrotnes lO3 . In the majority, the 
arthritis, is due to deposition of IgM immune complexes with comp­
lement activationlO4. The immune complex is in response to a specific 
meningococcal polysaccharide antigen 105. The arthritis often settles 
over the following few weeks and rarely leads to permanent deformity. 
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Gonococcal arthritis 

This is the commonest cause of bacterial arthritis in normal young 
adults. There is a spectrum of joint disease and it is unusual to have 
a pure form of arthritis. Patients may have a septic monoarthritis in 
whom only 50% have an intra-articular organism identified. Others 
may present with aseptic arthritis and features consistent with a HLA 
B27-reactive arthritis106 and it is argued that this infection is best 
classified within the SARA group of arthropathies107• Patients can 
also develop a systemic disease (disseminated gonococcal infection) 
with skin lesions, fleeting polyarthritis without joint effusions, teno­
synovitis and positive blood cultures. This latter syndrome is related 
to complement activation by circulating immune complexes108 and the 
bacterial lipopolysaccharide109 • The peptidoglycan fragment of the 
bacteria may be the important antigenic stimulant110 • The gonococci 
¢ausing DGI are complement resistant 1 1 1 , a contributing factor to the 
varied clinical manifestations that can occur with this organisml12. 

Intestinal bypass arthritis 

This arthritis is iatrogenic and follows surgery for gross obesity. 
Arthritis occurs in 15% of patierits 2-30 months after surgeryll3 and 
is commoner after jejunocolic rather than jejunoileal anastamosisl1 4• 

Musculoskeletal manifestations vary from a non-specific arthralgia 
with tenosynovitis to an inflammatory process resembling a seronega­
tive rheumatoid arthritis. Even seropositive erosive disease has been 
described 115. Involvement of the spine is rare. The polyarthritis is 
characterized by excessive pain and tenderness l16. Skin lesions occur 
in the majority of patients and are often macular, vesicular or even 
vaculitic over the arms, legs, trunk and face. It is suggested that 
the extra-intestinal complications are related to bacterial overgrowth 
within a blind loop which results in formation of immune complexes 
and cryoprecipitates ll7- 12o. This is supported by improvement in both 
joint and skin manifestations following antibiotic treatment or bowel 
reanastomosisl 21 . Blind loops associated with other conditions have 
also been implicated as causes of a similar arthritis 122. There are reports 
of bowel diseases causing an equivalent clinical picture even in the 
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absence of a blind 100p123, and, recently, the same condition has been 
reported in cystic fibrosis l24. 

H LA B27 -related reactive arthritis 

It is recognized that individuals with HLA B27 are susceptible to 
developing arthritis after certain infections125• Two theoretical mech­
anisms have been proposed. The first is molecular mimicry where there 
are 'B27-like' antigenic epitopes on bacterial26. This either results in 
failure by the body to recognize bacteria as foreign, allowing them to 
proliferate, or in production of cross reactive antibodies which cause 
tissue damage. In the second theory, a microbial product (?plasmid) 
has a special affinity for B27, so infection leads to the plasmid attaching 
to the histocompatibility antigen, HLA B27, on lymphocytes and, in 
some unspecified way, causing arthritis I27,128. It may be a combination 
of both theories129. An increasing number of infectious triggers have 
been recognizedI30,131, not all due to Gram-negative organismsI32,133 

and some still require identificationl34. Confirmation ofa precipitating 
infection is often lacking and diagnosis may rest on clinical features 135. 

It has been suggested that all the B27-related arthropathies have 
common features and can be analysed from one aetiopathological 
standpoint l36. The common clinical features seen in this nebulous 
group of arthropathies are: urethritis, diarrhoea, conjunctivitis, 
anterior uveitis, arthritis, oral ulceration, circinate balanitis, ker­
atoderma blenorrhagia, dactylitis, cardiovascular manifestations, 
achilles tendinitis, plantar fasciitis and other enthesopathies. These 
and other features can be present to varying degrees and nosology 
should not receive undue attention. Reiter's syndrome represents a 
severe subset of disease within the spectrum of reactive arthritis. It is 
commoner in men, often between the ages of 20 and 40 years. The 
triggering infection is usually sexually acquired (sexually acquired 
reactive arthritis, SARA)137 or enteric ally acquired infection (enteric 
acquired reactive arthritis, EARA). Similar reactive arthropathies and 
spondarthritis have been associated with suppurative skin diseases, i.e. 
acne fulminans 138, acne conglobata 139 and plantar palmar pustulosis 140. 
While some patients may only have a single episode of arthritis, others 
have recurrent or persistent disease l41 . Patients with the features of 
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Reiter's syndrome seem more likely to develop chronic disease l42-
146. The possession of HLA B27 predisposes to chronicity and the 
development of features such as iritis and spinal disease. Subtypes of 
HLA B27 may be important l47,148 as may other genetic factors91 but 
their relationship -to disease severity is not clear. The in vitro lym­
phoproliferative response against the organism is high in patients with 
yersinia gastroenteritis but is reduced in those patients complicated 
by a reactive arthritis. This response to enteric bacteria is also lower 
in patients with spondarthritisl49. However, the in vitro lym­
phoproliferative response of synovial lymphocytes to the precipitating 
organism is maintained in reactive arthritis l50. This infers that the 
initial and subsequent host response are important in the development 
of arthritis and that the interaction between HLA B27 and organisms 
is important I51 ,152. Although HLA B27 is not present in all cases, 
the 'B27-associated reactive arthritis' has been proposed and can be 
examined from two aetiological standpoints. 

EARA (enteric acquired reactive arthritis) 

'I have finally come to the conclusion 
that a good reliable set of bowels is worth 
more to a man than any quantity of brains'. 

Josh Billings, 1865 

It is perhaps this attitude that led to therapies such as colonic lavage 
for many ailments, including arthritis. By chance, there was a grain 
of truth contained in such folklore. It is now a scientifically plausible 
idea that certain bacteria within specific bowels are capable of inducing 
both acute and chronic disease, including arthritis. 

EARA often occurs in the second or third week after the gas­
trointestinal illness, with asymmetric joint involvement and fever. The 
organisms associated with EARA seem to have an affinity for affecting 
the gut immune system. Not only do they appear to be capable of 
inducing arthritis but they exacerbate inflammatory bowel 
diseaseI53,154. This increased activity is recognized as having a temporal 
relationship to enteropathic arthritis. Although circulating immune 
complexes do occur after uncomplicated gastroenteritis 155 , they do 
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appear to be related to arthritis I56,J57. This suggests that an important 
reaction is taking place within the immune system at the bowellumenj 
wall interface, resulting in an arthritogenic factor 1 58. It may be the 
IgA response that is important l59, as has been suggested for yersinia 
arthritis and spondarthritisI6O-162. 

Shigella flexneri 

Reactive arthritis was described following an epidemic of diarrhoea 
in Finland when 344 patients developed Reiter's syndrome 1-90 days 
after infection with Shigella flexneri l63 • A review of 100 cases 20 
years later showed that 80% continu~d to have articular symptoms, 
particularly those patients with HLA B27143. An epidemic of dysentery 
on a naval vessel confirmed this relationship 1 64. It is not clear if 
there is more than one serotype associated with arthritis l65. Certainly 
Shigella sonriei had not been implicatedl66. 

Salmonella 

Infection with this organism can be followed by reactive arthritis 5-
14 days after diarrhoeaI67,168. This illness need not be severe and 
silent carriage of the organisms has been associated with arthritis 169. 
Different strains appear to be capable of inducing reactive 
arthritis I7o,171. Unlike shigella, this organism may produce a septic 
arthritis or low-grade vertebral osteomyelitis, particularly in patients 
with sickle cell disease. 

Yersinia enterocolitica 

This organism can produce an acute intestinal disease which mimics 
Crohn's disease. Following infection, a reactive arthritis may 
developl72, often in HLA B27 + ve patients I73,1?4. A complex of arthritis 
and erythema nodosurn may also occur but in genetically different 
individuals. Some patients develop monoarthritis, others spon­
darthritis; even a picture resembling rheumatoid arthritis has been 
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reported175 . The diagnosis of active infection is based on isolation of 
the organism from faeces, blood and lymph nodes or retrospectively 
on serology. False-positive tests to brucella and salmonella can occur 
with this infectionl76. 

Campy!obacter 

This organism is a common cause of acute bacterial diarrhoea com­
plicated by reactive arthritis177 in up to 20% ofpatients178. The organ­
ism also causes a septic arthritis l79. 

Reactive arthritis following antibiotic-induced pseudomembranous 
colitis has been described. The relationship to HLA B27 is not estab­
lishedI8o,181. 

SARA (sexually acquired reactive arthritis) 

Post-venereal reactive arthritis develops in 1-3% of patients182 with 
non-gonococcal urethritis (NGU). The risk of arthritis is increased in 
patients with HLA B27. The obligate intracellular pathogen, Chla­
mydia trachomatosis, causes the majority of cases of NGU in men 
and cervicitis in women. Although the majority of sexually acquired 
reactive arthritis are attributed to chlamydial83, other pathogens are 
probably important82,83,107,137,184. The organism resembles bacteria 
rather than a virus and is dependent on the host cell for survival. It is 
important to recognize that infection may be asymptomatic and all 
patients with an unspecified reactive arthritis should be examined to 
exclude the presence of a treatable urethritis/prostatitis or cervicitis. 
It is claimed that intra-articular 'chlamydial elementary bodies' are 
responsible for the arthritis l85; however, this requires confirmation. It 
has been shown that treatment with antibiotics does not help the 
arthritis despite clearing the urogenital infection137• Animal studies 
have shown that once arthritis is established, antibiotics are not 
beneficiaP86. Use of a condom during sexual intercourse may protect 
against further urogenital infection and exacerbation of disease. Psit­
tacosis has also been associated with a migratory polyarthritis187 which 
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can mimic rheumatic fever l88 , indicating that chlamydial infection at 
other sites may be important. 

INFECTION AND ANIMAL MODELS OF ARTHRITIS 

In animals, it is recognized that both live organisms and their debris 
are capable of inducing arthritis. During the acute phase of a septic 
arthritis, live organisms can be recovered; this is less likely when 
the chronic inflammatory process has become established. This rela­
tionship is recognized in both the natural and laboratory forms of 
bacterial-induced animal arthritis. 

Mycoplasma 

Pigs and rabbits infected with mycoplasma develop an acute arthritis 
in which the organism can be demonstrated within the joint. During 
later stages, the organism disappears despite a progressive arthritis. 
This suggests either sequestration of antigen within the joint189 or that 
the inflammatory process has become self-perpetuating 190. 

Erisipe/othrix rhusiopathiae 

This organism is a small Gram-positive non-motile coccobacillus. In 
man, it causes skin infection, and, in pigs, a fluctuating arthritis. The 
organism is isolated from arthritic pig joints during the acute phase, 
but, as the arthritis progresses, the majority of joints become sterile 
with synovial histology showing lymphocytic infiltrationl91 • 

Adjuvant arthritis 

This arthritis is induced by intradermal injection of Freund's complete 
adjuvant into susceptible strains of rats l92 • It is an emulsion of heat­
treated acid-fast bacilli, mineral oil and emulsifying agent. After 10-
14 days, arthritis and periostitis develop. Both host factors193 and 
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presence of other organismsl94,195 may modulate the response. Pep­
tidoglycans within the bacterial cell walls is believed to be the arthri­
togenic agent 196. Extensive extra-articular calcification and ankylosis 
of joints resembles a spondarthritis rather than rheumatoid arthritis l97 . 

Streptococcal arthritis in rats 

Injection of streptococcal cell wall fragments into the peritoneum of 
rats induces a chronic arthritisl98 • A proliferative inflammatory erosive 
synovitis develops within a week and progresses to a chronic arthritis. 
This resembles rheumatoid arthritis more than adjuvant, and the 
presence of rheumatoid factors has been described l99 • A similar model 
has been described following intraperitoneal injection of cell wall 
fragments from other bacteria2oo,201. 

Intra-articular bacteria in rabbits 

This model demonstrates how organisms have the ability to produce 
different patterns of joint damage. It is dependent on the initiating 
organism and host response. Intra-articular injection oflive organisms 
induces an acute suppurative arthritis from which live organisms can 
be recovered. Following this phase, different patterns are observed. 
Staphylococcus aureus persist within the joint and continue to produce 
damage. Less virulent organisms are eradicated before joint damage 
occurs. Gram-negative organisms produce a sterile chronic synovitis 
with continuing joint damage202,203. Even intravenous injection of 
Gram-negative bacterial products can induce arthritis and rheumatoid 
factors204. 

Clostridium perfringens 

A protein-enriched diet-induced arthritis in pigs is associated with an 
increased faecal count of Clostridium perfringens. This organism is 
reported to be increased in the faecal flora of rheumatoid patients205 • 

Because rheumatoid arthritis was thought to be a disease confined 
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to human beings, this has slowed down any major advances in the 
understanding and therapy of this disease. It is now known that dogs 
develop a similar disease with nodules, radiological erosions and 
autoantibodies206,207. Although no infective cause has yet been ident­
ified, this naturally occurring animal disease would seem a potentially 
useful model to exploit. Primates also develop a disease similar to 
rheumatoid208 but attempts to identify a transmissible organism from 
humans to baboons have failed209. 

SPECULATIVE CAUSES OF CHRONIC ARTHRITIS 

Rheumatoid arthritis 

The 'autoimmune' label attached to rheumatoid arthritis does not 
exclude an infective cause. Rheumatoid factor is an antibody to altered 
gammaglobulin and is sometimes found in normal people. It also 
occurs in many bacterial diseases (subacute ba-cterial endocarditis, 
tuberculosis, syphilis, leprosy). The presence of infection can not only 
seroconvert individuals, but also increases the titre of a rheumatoid 
factor21O. Bacterial endocarditis is associated with musculoskeletal 
manifestations211 and treatment with antibiotics reduces the titre of 
rheumatoid factor212. Rheumatoid factor production results from poly­
clonal B lymphocyte activation, which, in vitro, can be induced by a 
number of mitogens, e.g. Epstein Barr virus, pokeweed, bacteria213, 

mycoplasmas214 and peptidoglycans215. Rheumatoid factor may rep­
resent a primitive humoral response following bacterial exposure216 
by reacting directly with the organism199. IgM rheumatoid factor may 
also amplify a low-level IgG response217 by binding to IgG-coated 
organisms, hence causing complement activation218 • 

Rheumatoid factor production in normals is not HLA associated219 
yet, in rheumatoid arthritis, it is linked with DRW4220 which may 
represent a 'soil and seed phenomenon'. It has been proposed that 
rheumatoid arthritis is a gut-associated arthritis221-224. Olhagen sug­
gested a link with Clostridium perfringens in the faecal flora of rheu­
matoid arthritis patients205,225 but its aetiological significance has 
remained unproven226. Evidence that suggested chronic bacterial infec­
tion withinjoints227 would seem dubious228. Diphtheroids and bacterial 
L forms have been isolated from rheumatoid arthritic joints229,23o but 
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their role in causing rheumatoid arthritis has not been substantiated231 . 
Mycoplasmas were also implicated232 because of animal arthritis233 and 
because gold salts inactivated these organisms. However, tetracycline 
treatment is not beneficial for rheumatoid arthritis and makes active 
infection unlikely234. Positive serology implicating an organism should 
be cautiously interpreted as raised titres to mycoplasma235, Clostridium 
perjringens225 , diphtheroids236 and Proteus miralbis237 have been found 
in rheumatoid arthritis. The pathogenic role of these organisms in 
rheumatoid arthritis remains uncertain. Mycobacteria have aroused 
suspicion as the cause of rheumatoid238 • These ubiquitous organisms 
do have profound effects on the immune system239 and have been 
implicated in other granulomatous 'autoimmune' conditions240. Rheu­
matoid disease does have a disease spectrum like mycobacterial dis­
eases241 ,242. Evidence also suggests cross reactivity between rheumatoid 
lymphocytes, joint cartilage and mycobacterium243 . 

Ankylosing spondylitis 

There are many overlapping features between reactive arthritis, 
Reiter's syndrome and ankylosing spondylitis. It is recognized that 
some patients with chronic Reiter's syndrome may develop a disease 
indistiguishable from ankylosing spondylitis. Therefore, it is not sur­
prising that a causative organism for ankylosing spondylitis has been 
sought. Klebsiella pneumoniae was thought a likely candidate because 
it cross reacted with HLA B27-positive lymphocytes244. Other evidence 
has pointed to a causative role with increased faecal counts related to 
disease activity and the presence of klebsiella antibodies245-247. It now 
seems that the organism alone is not responsible. There is a factor in 
a klebsiella culture supernatant capable of modifying the lymphocytes. 
The factor appears to be a plasmid (extrachromosomal genetic 
materiaF48-250) and can transfer to other organisms the ability to 
modify B27 + ve lymphocytes251 . Evidence now suggests that other 
enteric organisms are capable of producing cross reactivity with HLA 
B27127 and antibody production in ankylosing spondylitis252. 
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DISCUSSION 

The recognition of septic arthritis in a patient with chronic joint 
disease is a fundamental lesson in rheumatology teaching. If this 
complication is missed or not treated appropriately a significant mor­
bidity and mortality results. Infection elsewhere is also a challenge 
when treating the chronic arthritic. Greater understanding of why 
arthritics are prone to infection allied to improved antibiotics and 
surgical techniques has improved the overall outcome. The most 
exciting, at times philosophical, association between infection and 
arthritis is that of aetiopathogenesis. It is well recognized that transient 
arthralgia is a common feature of many infections253. This is in con­
trast to chronic joint sepsis which is relatively rare yet important to 
recognize. Many of the organisms causing joint sepsis also cause 
a sterile reactive arthritis. There are classifications describing the 
relationship between infection and arthritis but they seem limited 
and unable to represent the broad spectrum of arthritic events that 
can be associated with a single organism. The phenomenon of an 
arthritogenic organism producing arthritis by a number of different 
mechanisms is dependent on the portal of infection and host response. 
It is essential that we learn from known relationships and question 
the role of infection in rheumatic diseases of unknown cause. With 
improving techniques and some serendipity, specific infections causing 
subsets of arthritis may be found. However, it seems unlikely that 
a single organism will be responsible for many of the commoner 
heterogeneous group of chronic arthropathies. There may be a 
common denominator; it is possible that peptidoglycans found in the 
outer membrane of bacteria are important254-257. Bacteria may cause 
disease by other mechanisms, such as by being host to both bac­
teriophages and plasmids. Plasmids replicate within the bacterial cyto­
plasm and encode genes responsible for transfer of DNA. Plasmids 
also carry genes for antibiotic resistance and can even affect plant cell 
replication by transfer of DNA. It is this latter ability to affect other 
living cells that may be important in inducing human disease. Plasmids 
have been implicated in the pathogenesis of ankylosing spondylitis258 
and may play an important role in other conditions. 

Although the organism may be the triggering factor, present know­
ledge suggests that host response is equally important in the patho-
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genesis of arthritis. In rheumatoid arthritis, investigators have claimed 
subgroups of patients with an acute onset of disease in whom the 
prognosis is good259-261. There are many possible reasons: perhaps this 
subgroup are able to mount a host response capable of eradicating 
the offending organism. Inflammation is related to cytokines which 
can directly affect infection262,263 as well as governing the cellular 
response. They also induce the acute phase response, important for 
clearing of damaged cells and micro-organisms264. The HLA status, 
important in governing the host response, can dictate the clinical 
problem. For instance, infections that cause reactive arthritis in B27 
+ ve individuals, can produce erythema nodosum and arthritis in 
different genotypesI74,265,266. Regulation of the mucosal immune 
response267, particularly the role of IgA268, requires further inves­
tigation in rheumatic diseases. The ability to prevent bacteria becom­
ing embedded in mucosal surfaces may be important and may not be 
immune based. Secretion of blood group antigens inhibits bacterial 
adherence269,27o and the ability of streptococci to adhere to mucosal 
surfaces is probably important in rheumatic fever271 . There is pre­
liminary evidence that ankylosing spondylitis may be associated with 
ABO non-secretors272. The broad spectrum of other host factors 
includes age, gender, control of arachidonic acid metabolism, acute 
phase response, complement, and humoral and cellular immunity. 
Over the next few years, further understanding of the interface between 
environment (?bacteria) and host will clarify the aetiopathogenesis of 
many more rheumatic diseases. 
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3 
VIRAL INFECTIONS AND CHRONIC 
ARTHRITIS 

A. D. WOOLF 

INTRODUCTION 

The cause of a variety of chronic diseases, including arthritis, has 
been attributed to infection almost since the discovery of bacteria. 
Epidemiological, genetic, laboratory and experimental observations 
suggest that chronic arthritis may be a sequela of infection. With the 
failure to identify bacteria from within joints in rheumatoid arthritis, 
and with the development of techniques to detect viruses, there has 
been recent emphasis on seeking a virus as the cause of the charac­
teristic persistent immune response that is seen in the synovium. It 
was first clearly documented l that a virus can be associated with 
arthritis during an epidemic of rubella at the end of World War I. 
Viruses can also cause chronic inflammatory disease2,3, can evade 
detection and new human viruses are now often being identified4 . 

Despite 40 years of research and improving techniques, there is still 
no firm evidence to support such a role for viruses in the aetiology of 
rheumatoid arthritis5• It is, however, clear that some viruses, such as 
rubella6 and human parvovirus B197,8 may cause a persistent, although 
non-destructive, arthropathy. Does the lack of evidence exclude a role 
for a viral aetiology to rheumatoid disease or other chronic arthritides? 
In this chapter, the difficulties of establishing a relationship between 
a viral infection and chronic disease; the interaction between host and 
virus that could lead to chronic arthritis; and the known examples of 
persistent arthritis cause by viruses will be discussed. 
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IDENTIFYING VIRUSES AS A CAUSE OF CHRONIC ARTHRITIS 

There are several approaches to demonstrating a relationship between 
an infectious agent and disease but there are difficulties in proving this 
to be causal. 

Determining the long-term natural history of acute viral arthritis 
will show whether it results in a chronic destructive arthritis but large 
controlled studies are required to prove such an outcome rather than 
the various case reports in the literature9,1O. The epidemiological 
pattern of disease such as the geographic or seasonal distribution, 
may suggest an infectious aetiology. It was the geographic clustering 
without temporal relation and a peak incidence in warm weather 
which suggested an arthropod vector in Lyme disease ll ,12. 

Seroepidemiology is of limited value. It is unhelpful if the cause is 
a common virus and outcome is host dependent, or if a novel agent 
is being sought for which the appropriate serological tests will not 
exist. In acute infections, the timing of antibody response and of 
symptoms will, however, strongly suggest an association which can 
be shown to be causal if the study is appropriately controlled. 

Electron microscopic identification of viral-like particles in synovial 
tissue is suggestive but the isolation of infectious virus or the identi­
fication of viral nucleic acid sequences from within the diseased joint 
provides the most valuable evidence for an aetiological role. Cloning 
techniques are becoming increasingly powerful tools to identify viral 
genome \3 • Isolation of virus, however, does not prove causation as it 
may be a mere passenger in one of the cell popUlations attracted to 
the inflammatory synovium. Rubella has been isolated from peripheral 
blood lymphocytes two years after vaccination14. In addition, the 
normal human genome is known to contain viral nucleic acid 
sequences15,16.1t is also possible that the putative infection is a transient 
event or is distant from the joint, and then one would not expect to 
isolate it from' the joint itself in established cases. 

Less direct methods have been used. The demonstration of an 
antibody response within the joint may reflect the presence of antigen 
in the joint, but could also be due to polyclonal activation of B cells 
or result from the random trapping of plasmablasts in the joint17. 
Rheumatoid synovium is an immunologically active tissue. It makes 
substantial amounts of specific antibody following influenza vac-
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cinationl8, which illustrates that it can participate in a systemic 
Immune response. 

The proliferative responses of synovial lymphocytes obtained from 
various chronic arthropathies to antigens derived from infectious 
agents has been used to implicate these agents in pathogenesisI9,20. T 
cells may, however, be sensitized to microbial antigens distant from 
the joint and non-specifically home in to the inflamed jointzl. 
Although this indirect evidence of the causative antigen may give us 
clues, there are shortcomings that limit the conclusions that can be 
made22,23. 

The identification of viral products, enzymes such as reverse trans­
criptase of retroviruses, is another indirect means of demonstrating 
viral infection. Interferon production or the presence of an enzyme 
induced by interferon, such as 2-SA synthetase, may indicate viral 
infection but is non-specific24. 

Experimental models, although useful, are limited by the species 
specificity of viruses and differences in clinical manifestations of the 
same virus in different animals25 . They may, however, provide a means 
of showing the putative agent to induce the disease and provide 
analogous models to human disease that allow detailed dissection of 
the interaction between virus and host and of the resultant disease 
process. Rabbits develop a chronic erosive arthritis following a single 
intra-articular injection of herpes simplex virus into the knee jointz6. 
The goat retrovirus, caprine arthritis-encephalitis virus (CAEV), 
produces a chronic destructive arthritis which is being increasingly 
studied27 . 

To prove a causal relationship between a virus infection and chronic 
arthritis is difficult2. Ideally the Henle-Koch postulates28 should be 
fulfilled. These state that: 

(1) The infectious agent occurs in every case of the disease in question 
and under circumstances which can account for the pathological 
changes and clinical course of the disease, 

(2) The agent does not occur in other disease by chance, and 
(3) after the agent is isolated from the body and repeatedly grown in 

culture, it can induce the disease anew. 

The chronic diseases that are known to be caused by infectious 
agents, such as rheumatic fever, subacute sclerosing panencephalitis 
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and Reiter's syndrome, do not behave as classic infections, but rep­
resent unusual responses of the host to a common, often transient, 
infective agent. Clearly, these would not fulfil the Henle-Koch pos­
tulates and new criteria for causation have been formulated by Evans28 

to allow for these difficulties. 
In diseases recently identified as viral in origin, such as the acquired 

immunodeficiency syndrome (AIDS), isolating the organism has 
required advanced techniques which have not been applied to their 
full in rheumatic diseases. New viruses have often been identified 
following the development of new cell culture techniques - EBV 
with B-Iymphoid cell cultures29, HIV with T cell cultures30 and, most 
recently, a new lymphotropic herpes virus (HBL V) with the activation 
of B cells at the start of culture3l • The negative findings so far in 
chronic arthritis in no way exclude the role of viruses in its aetiology, 
but just disappoint and discourage researchers. 

VI RUS-HOST INTERACTIONS 

Most viral illnesses are acute and transient, with clearance of the virus 
by the immune system and life-long immunity. Many viral infections 
are subclinical, some recurrent and others are persistent. The outcome 
depends on the interaction between virus, host and the immune system 
(Figure 3.1). 

Viruses are obligate intracellular parasites. The virus must penetrate 
the host and enter the cell for it to replicate and spread. Viral infection 
is usually cytopathic and the disease is a consequence of the number 
and functions of those cells affected. The selective tropism of a virus 
to cells may relate either to cell-surface host receptors or to cell-specific 
regulatory elements inside the cell. EB virus infects human B cells 
because they bear virus receptors which are closely associated with, 
but not identical to, C3 receptors32. The selective tropism of some 
retroviruses appears to be determined by viral sequences that exert 
transcriptional control in selected cells33 • 

Viral replication is associated with the production of viral proteins 
and formation of virions. Organelle and cell membranes may be 
disrupted. Viral proteins that are inserted into the plasma membrane 
can provoke an immune response which is regulated by host genes 
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INFECTIONS AND ARTHRITIS 

within the major histocompatibility complex. Host neoantigens may 
be induced in the cell by the derepression of host genes or by the 
combination of virus and host cell material. 

The susceptibility to viral infection and clinical outcome is primarily 
determined by the immune response. Most viruses are potent antigenic 
stimulants. Humoral and cell-mediated immunity are important, with 
both antiviral antibodies and cytotoxic T cells limiting the spread of 
infection. Lysis of cells bearing viral antigens is dependent either on 
antiviral IgG and the alternative and membrane attack components 
of the complement pathway, or on cytotoxic T cells in association with 
the appropriate Class I product, and occasionally Class II products, of 
the major histocompatibility complex. Neutralizing antibodies are the 
primary defence against circulating virus. Cytotoxic T cells have a 
major role in defending against intracellular cytopathic infections, 
although they are important in most viral infections and their dys­
function is associated with susceptibility to viral infections such as 
varicella and CMV. Cell lysis leads to the release of various degradative 
enzymes and inflammatory mediators which will lead to 'bystander 
damage' of neighbouring tissues. Cytokinines, such as interferon and 
interleukin I, will be released by certain cells with distinct effects, such 
as fever24,34. 

Virions will combine with specific antibody to form immune com­
plexes, and their deposition with subsequent complement activation 
may result in tissue damage. 

Such a course may produce acute inflammation but is unlikely to 
result in chronic disease. This could arise by persistence of virus, either 
locally within the joint or at a distant site but causing an antigen­
specific immune response against the joint. Alternatively the virus 
could infect the immune system itself with a subsequent effect on 
immunoregulation35 • The virus does not have to persist for chronic 
disease to result if it results in disordered immunity. 

Viral persistence 

Several chronic diseases are associated with viral persistence. Measles 
can be isolated from brain cells in subacute sclerosing panencephalitis 
and hepatitis B in chronic liver disease36• 
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For a virus to persist, it must not lytically infect cells and it must 
avoid the host immune system. This may be either by reduced viral 
gene expression or by an abnormal host immune response, genetically 
predetermined or a direct effect of the virus on the immune system 
itself. A latent infection is established if the cell does not allow normal 
viral replication and there are detectable viral nucleic acids in the 
absence of infectious virus. Productive replication may be activated 
at some later time. A persistent infection will occur if viral replication 
does not result in cell lysis, and both viral nucleic acid and infectious 
virus are detectable. 

The natural virus may have low gene expression or this may arise 
de novo by mutation during viral replication within the host (Figure 
3.1). Lytic viral replication will be prevented or there may be a 
reduction in the expressidn of virally encoded surface antigens with 
subsequent reduction in the immune response. Latency or persistence 
will result. Alternatively, mutant strains may no longer interact with 
neutralizing antibodies or sensistized T lymphocytes and the immune 
response to the original strain will act as a selective force for the 
emergence of the novel strain. Equine infectious anaemia virus is a 
highly mutatable retrovirus which persists by this process37 . In some 
instances, the host cell does not permit normal viral replication, which 
is dependent either on the cell type or on its state of differentiation. 
Cytomegalovirus will infect but not replicate in teratocarcinoma cells 
unless they are differentiated38 • Caprine arthritis-encephalitis virus 
infects monocytes but this is only productive when the cells differ­
entiate and mature into macrophages39 . 

The host immune response may be avoided or impaired by the 
direct infection of immune cells35 or by a genetic host abnormality. 
Many persistent viruses infect lymphocytes (EBV, HIV) or cells of the 
mononuclear phagocytic system (CAEV). They replicate, persist and 
spread within them. Viruses can alter specialized cell functions without 
affecting their vital functions40• Measles, influenza and cyto­
megaloviruses infect human peripheral blood lymphocytes in vitro and 
alter some of their specific immune functions, such as immunoglobulin 
production or the generation of cytotoxic cells, and HIV affects the 
immune response in vivo41 • Lymphotropic strains could arise by 
mutation in the host during infection. This direct infection of the 
immune system will not only enable persistence of the virus, but also 
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result in other diseases related to an abnormal immune response. 
Tuberculosis can be reactivated by an acute measles infection, and 
allergy to tuberculin begins during the prodromal stage and persists 
for up to 6 weeks42. AIDS is characterized by opportunistic infections. 

Susceptibility to viral diseases can be determined genetically43. In 
mice, genes have been identified that can specifically modulate the 
outcome of various DNA and RNA virus infections, and single genes 
appear to influence resistance to only a particular family or even just 
one species of virus. The familial occurrence of persistent viral diseases 
may, however, relate more to their transmission from parent to child, 
either vertically within the genome, in colostrum or just by close 
contact. No clear associations between the MHC and persistent infec­
tions have been demonstrated. 

The viral genome must somehow be preserved within the cell for any 
long-term infection. It may become integrated into host chromosomes 
where it may remain silent, protected from degradation and enabled 
to segregate to daughter cells during host cell division (vertical trans­
mission). Human immunodeficiency virus (HIV) is known to inte­
grate44, although the latent papovaviruses do not45. 

VIRAL PATHOGENESIS OF CHRONIC ARTHRITIS 

A virus could cause synovitis, either by directly infecting the joint or 
by causing an immune response directed against the joint (Figure 3.2). 

Direct infection of the synovium may result in acute inflammation 
by the mechanisms already discussed. 

Infection outside the joint could result in antibodies to viral or 
virus-induced neoantigens which cross-react with synovial antigens. 
Antigens unique to the synovial endothelium have been identified46. 
Circulating immune complexes may be formed and deposited in the 
synovium. Antiidiotype antibodies that react to viral receptors on cells 
may form and result in disease47 • Infection of the immune system itself 
could result in disordered immunoregulation with loss of suppression 
or non-specific stimulation of the immune response35. 

Persistence of the virus, by mechanisms as described, or the per­
sistence of the abnormal immune response would lead to chronic 
arthritis. It is possible that the putative virus is not unique but rep-
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INFECTIONS AND ARTH RITIS 

resents an abnormal host response to a common agent, presumably 
determined by genetic factors. For example, the outcome of human 
parvovirus B 19 infection is influenced by age, sex and Class II products 
of the MHC: children have few symptoms48; women more frequently 
develop arthropathyS; and DRI is protective against a persistent 
arthropa thy49. 

There is clearly a complicated interaction between virus and host, 
and the possibilities of how a virus might cause chronic arthritis are 
numerous. 

VI RAL ARTH RITIS 

Many viruses are known to cause arthralgia or frank arthritis in man 
(Table 3.1) but this is usually transient and a minor manifestation of 
infection, except with rubella and parvovirus B19 in which it is a 
common outcome. In the community, there are many short-lived 
episodes of acute illness associated with joint symptoms which are 
attributed to as yet unidentified viruses50• Some viruses have been 
associated with a more persistent arthropathy in man and animals 
and these and the possible pathogenic mechanisms of the arthritis will 
be discussed. 

Caprine arthritis encephalitic virus 

Caprine arthritis-encephalitis is a multisystem disease of domestic 
goats characterized by a chronic arthritis and a leuko­
encephalomyelitis27. It is currently receiving much attention as a poss­
ible correlate to rheumatoid arthritis. The central nervous system 
disease principally affects kids of 2-4 months, whereas the arthritis 
becomes apparent at 1-2 years. These are only occasionally seen in 
the same animal. It was shown to be transmitted by 220 nm filtrates 
of tissue suspensions51 and a retrovirus isolated from chronically 
affected joints of arthritic goats will cause the syndrome after its 
inoculation into caesarian-derived specific-pathogen-free goat kids52 • 

It is a lentivirus: a non-oncogenic subfamily of retroviruses, associated 
with viral persistence and chronic disease53, which include the visna-
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TABLE 3.1 Arthritogenic viruses 

Tvpe of virus Incidence of arthropathv 

DNA viruses 
Parvovirus B19 

Hepatitis B 
Variola 
Vaccinia 
EBV 
Cytomegalovirus 
Herpes simplex 
Adenovirus 7 

RNA viruses 
Rubella 

Rubella vaccine 
Mumps 
ECHO 
Ross River virus 
Chikungunya 
O'nyong nyong 

in adults 

60% women 
30% men 
25% 
Rare 
Rare 
Rare 
Rare 
Rare 
Rare 

20-30% women 
5-10% men 
20-40% women 
0.5% 
Rare 
Common 
Common 
Common 

maedi virus and the equine infectious anaemia virus. 
CAEV is a common infection with the prevalence of antibody 

ranging from 58-100% in herds in different states of the USA54. Most 
goats would appear to have a subclinical infection. Transmission is 
usually vertical from mother to kid by ingestion of colostrum and 
milk, the virus being carried within macro phages in the milk55. There 
is no evidence of vertical transmission within the germline, although 
integration of viral genome within the host has been described56. Less 
than 25% develop a chronic arthritis55 which is associated with viral 
persistence within the joint27. 

The onset of arthritis is usually insidious, with the development of 
joint pain and swelling and of weight loss. The severity of arthritis 
fluctuates and migrates, most commonly affecting the carpal joints 
but also the hocks and stifle joints55. Some cases progress to marked 
loss of joint movement and deviation of the distal ends of forelimbs. 
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Other systemic features include arteritis, pericarditis, pleurisy, inter­
stitial nephritis and amyloidosis57 • They occasionally also have neuro­
logical involvement. 

A mild synovial hyperplasia and perivascular mononuclear cell 
infiltrate are the earliest changes in experimentally infected goat 
kids58 • The proliferation and necrosis of synovial lining cells continues, 
progressing to a marked synovial hyperplasia and villous hypertrophy 
with lymphoid follicle formation in the synovial membrane. la-positive 
cells are seen surrounded by lymphocytes which are producing IX- and 
p-interferon59 • Chronically arthritic goats often show large areas of 
cellular necrosis and necrobiosis of collagen in villi, and fibrinous 
concretions in synovial spaces55,58. Mineralization is frequently found 
in areas of necrosis and this is seen radiologically initially in the 
periarticular tissue and later in the joint capsules, ligaments, tendons 
and tendon sheaths. There is a minor periosteal reaction with 
periarticular osteophyte formation which proceeds to a roughening of 
the bony surfaces extending away from the joint. The cartilage surfaces 
are often eroded or ulcerated, reSUlting in irregular articular surfaces. 
In severe cases, subchondral bone collapses and the joint fuses 55. 

Synovial fluid from an acutely inflamed joint has a low viscosity 
and contains 1000-20000 cells/mm3, 90% of which are mononuclear 
cells. These are predominantly lymphocytes but also synovial cells and 
large foamy macrophages, often containing eosinophilic clumps in 
their cytoplasm55 • Rheumatoid factor is not found27• 

CAEV replicates within the joint following the innoculation of goat 
kids after which viral titres fluctuate widely, but can be detected at 
one year post infection. When undetectable in synovial fluid, the 
presence of CAEV has been demonstrated by co-cultivating synovial 
fluid cells with susceptible cells60• CAEV appears to persist in the joint 
with a low but variable level of expression for several years. Cells of the 
mononuclear phagocytic system, particularly macrophages, appear to 
be the primary cells that support CAEV replication61 • 

Central questions are how does this virus persist despite a host 
immune response and how does it produce tissue damage? Neither 
can be fully answered. The infection of the mononuclear phagocytic 
system is a feature of several persistent viruses35,62. Only a minor 
fraction of monocytes appear to be infected with CAEV in vivo, 
and productive infection only occurs after the cells differentiate and 
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mature39 • The immunologically silent nature of the infection, due to 
this low level of viral replication and expression, is a possible expla­
nation for persistence, with insufficient production of viral antigens 
for the detection and destruction of the infected cell by the immune 
system. How this variable expression is controlled is unclear. The 
degree of integration of viral DNA may also be important in estab­
lishing persistence. CAEV fails to induce neutralizing antibodies63, 

possibly due either to lack of appropriate antigenic epitopes or to an 
abnormal host immune response which may be constitutively deficient 
or impaired by the infection itself63,64. 

There are some data suggesting mechanisms of synovitis. Non­
neutralizing antibodies are produced to viral surface glycoproteins 
and are found in the synovial fluid several years after infection. There 
is predominantly a polyclonal increase in IgG\ produced locally within 
the joint64, and the synovial fluid antibodies are principally directed 
against a 90 000 MW surface glycoprotein65. T -lymphocytes reactive 
with CAEV are found during the first 8 months but their presence 
becomes variable after 2-5 years66,67. The synovitis, measured by joint 
swelling, correlates with the expression of CAEV within the joint60. 

Apart from this direct interaction between CAEV and the immune 
system, there is a more generalized augmentation of lymphocyte reac­
tivity, for example T-Iymphocytes from infected goats show an 
increased proliferation in vitro to co-conavalin A27. It has been sug­
gested that the pathogenesis is similar to antigen-induced arthritis27 • 

An initial infection initiates an immune response, but, due to its failure 
to clear the virus, the persistent viral antigens within the joint interact 
with the specifically sensitized lymhocytes to cause inflammation 
which may be enhanced by the non-specific augmentation of their 
reactivity. 

It is an interesting model in which trigger and outcome are known 
but the mechanisms are not well understood. Of particular interest 
is the variable host response to a virus. It may have lessons for 
understanding rheumatoid disease. There is, at present, no evidence 
for CAEV as a cause of rheumatoid using techniques such as DNA 
hybridization, but even these techniques are limited, despite their 
sensitivity, if as few cells are infected as in the diseased goat itself. 
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Rubella 

Rubella is a togavirus: small icosahedral enveloped single-stranded 
RNA viruses. 

Infection with rubella is frequently subclinical or associated with a 
mild illness, characterized by fever, rash and lymphadenopathy, but 
infection during pregnancy can result in congenital abnormalities 
which has lead to vaccination programmes in many countries. This 
has altered the epidemiology of the disease. 

Before the introduction of routine vaccination, epidemics occurred 
at 6-9-year intervals. Children of 5-9 years were most commonly 
affected and 80--90% of young adults had antibodies. In the USA, 
where immunization is directed at young children to reduce chance 
exposure of susceptible pregnant women, cases are now predominantly 
seen in older school children and young adults who have a higher 
incidence of constitutional symptoms and athropathy. The overall 
incidence of the disease is also falling from a peak of 1.8 million cases 
in the USA during the epidemic of 1964 to 11 795 in 197968 and rubella 
arthropathy from natural infection is now less common. Cases are 
seen, however, following the vaccination of seronegative young 
females. 

Children who are symptomatic usually have a mild illness with a 
fine pink maculopapular rash developing on the face 14-21 days after 
exposure and spreading to trunk and limbs, often coalescing to give 
a diffuse erythema similar to scarlet fever. They may have fever, sore 
throat and lymphadenopathy but these prodromal symptoms are more 
common and severe in adults who also may have myalgia and, more 
specifically, eye pain. Joint symptoms are most often seen in adult 
women who account for up to 90% of cases. In one study, 52.2% of 
adult women with symptomatic rubella had frank arthritis compared 
with 8.7% of adult men who more often just had arthralgia6• Other 
studies would suggest a lower incidence of 20-30% of adults with 
clinical rubella developing joint symptoms1,69-71 but a female pre­
dominance is clear. It is unknown how often arthropathy might be 
the only manifestation of rubella infection. 

Frequently, there is pain and morning stiffness in the absence of 
objective synovitis. The onset is usually rapid with a symmetrical 
distribution. The small joints of the hands, knees and wrists are 
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generally affected but ankles, shoulders, elbows and hips may be 
involved. The course may be migratory and additive. Periarthritis, 
tenosynovitis and carpal tunnel syndrome occasionally occur. The 
arthropathy develops from one week before to one week after the 
rash. It usually improves within a few weeks but symptoms often 
persist many months, one study finding a third of those with arthritis 
still had symptoms at 18 months6 • 

An arthropathy may also occur following vaccination with various 
live strains ofvirus72- 80. Three strains have been developed: the HPV-
77 duck embryo strain, the Cendehill strain and the RA 27/3 strain 
which is grown in human cell culture and is now the most widely used. 
The quality and quantity of antibody following RA 27/3 vaccination 
more closely approximates natural infection. All strains may cause 
myalgia, arthralgia and arthritis although the latter is less common 
with RA 27/373- 81 • Children, as with\the wild infection, seldom develop 
these systemic features, 1-10% having joint symptoms which are 
usually a transient mild arthralgia73 ,81,82. Joint symptoms, however, 
occur in up to 40% of adult women, with frank arthritis in 2-13.6% 
following RA 27/36,77,8°. There are few data on men. Severity is similar 
between the different strains. The arthropathy occurs usually 2--4 
weeks after vaccination, either just preceding or coincident with iso­
lation of virus from the pharynx or seroconversion. Although it gen­
erally lasts for less than 2 weeks, more persistent and often recurrent 
joint symptoms have been reported to last for more than 18 months6 

and some children have been symptomatic at five years following 
HPV-77 DKl2 vaccination83 • It is usually more persistent in those 
with more severe initial symptoms6 . 

The pattern of arthropathy is similar to that following wild infec­
tion, but, in a direct comparison, the arthropathy following RA 27/3 
was of lower incidence, less severity and shorter duration6 . 

The high incidence of arthropathy and occasional isolation of 
rubella in wild84 and post-vaccination75,85 arthropathy from joints and 
from peripheral blood mononuclear cells14 has lead to the suggestion 
that the arthropathy results from local, occasionally persistent, infec­
tion, recurrent antigenaemia and circulating immune complex (CIC) 
formation and deposition. This is supported by: the non-cytopathic 
infection of synovial cells in vitro with long-term production of viral 
antigen86; the finding of raised CIC levels by Clq binding87; and finding 
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of CIC-containing rubella-specific IgG in adults who developed joint 
symptoms after immunization88 • These complexes are not, however, 
specific. Rubella-specific CIC were also found in 60% of vaccinated 
adults without joint symptoms89 and there is little difference between 
those with and without arthropathy by Clq ELISA and Raji ELISA 
following vaccination or wild infection as CICs were detected in some 
cases irrespective ofsymptoms89• This does not exclude local formation 
and deposition of complexes within the joint. No HLA association 
has been shown with the development of arthropathy90. The role of 
rubella in chronic arthritis is discussed on page 74. 

Human parvovirus 819 

Parvoviruses are unique in being the only single-stranded DNA viruses 
of vertebrates. They are the small (parvo = small) icosahedral non­
enveloped particles, 18-26 nm in diameter, with a genome of only 
about 5.5 kb. A pathogenic human parvovirus, B19, was not identified 
until 197591, and then its disease associates were unclear. It is a 
common infection, with specific IgG antibodies detectable in about 
60% of adults92. Screening sera of children for B 19 fortuitously found 
antigen in the serum of children with homozygous sickle cell anaemia 
admitted with aplastic crises93 , and it has since been confirmed as a 
major cause of aplastic crises in various chronic haemolytic 
anaemias94,95. It will lytically infect erythroid progenitor cells in 
culture96• The autonomous parvoviruses, to which B19 appears to 
belong, are dependent on a host cell function transiently expressed 
during the S phase of the growth cycle for their own replication because 
of their limited genetic capacity97. This leads to their pathogenicity for 
proliferating cells, and animal parvoviruses often cause pancytopaenia 
and gastroenteritis. Erythema infectiosum was identified as the more 
usual manifestation of B 19 infection in 198398 • This exanthematous 
illness was first described by Tschamer in 1889 but, because of its 
frequent similarity to rubella, it is often unrecognized as a distinct 
entity and many are unaware of its existence. Children develop a rash 
which is variable but often includes malar erythema ('slapped cheek'). 
The rash is curious in its frequent recrudescence which may occur over 
several months48 .1t is provoked by heat, emotion or pressure. Children 
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have mild constitutional symptoms, affecting about 20%, which 
include malaise, fever, headache and 5% complain of joint pain but 
less than half of these note swelling48. Occasionally, it is severe enough 
to appear similar to systemic juvenile chronic arthritis but it is more 
transient. Adults more frequently have joint symptoms with the rash, 
with pain in about 75% and swelling in 60%48. In 1985, cases of acute 
arthritis associated with serological evidence of recent BI9 infection, 
but in the absence of the typical rash, were described7,99. A controlled 
epidemiological study of the adults associated with an outbreak in a 
primary school has now confirmed that BI9 can cause an acute, 
occasionally persistent, arthropathy in adults, often in the absence of 
the classic features of erythema infectiosum8• Cases were identified 
independent of symptoms or severity and it was found that infection 
can be asymptomatic in 25%. There is some concern about infection 
in utero as several cases of hydrops foetalis have been reported lOo • 

The arthropathy developed 101 18 days after experimental intranasal 
innoculation of volunteers with B19. It is usually an acute onset 
symmetrical polyarthropathy with pain, most often affecting hands, 
feet and knees with swelling of the proximal interphalangeal joints 
7,8,99. Morning stiffness is often pronounced. The median duration of 
these joint symptoms is 10 days8 but they may persist for much longer7,8 

and joint swelling, particularly of the small joints of the hands, has 
been noted at 21 months with arthralgias persisting longer lO2 • The 
pattern of the arthropathy is occasionally palindromic, persisting for 
5 years in one case lO2, or recurrences of more widespread symptoms 
similar to the onset have been seen 1 year after the onset lO2 • These 
generally last a few days and, although there is usually just arthralgia, 
joint swelling does occasionally occur. The arthropathy is more 
common and more marked in women, occurring in 60% compared 
with 30% of men8. Persistent and recurrent cases are nearly all 
women7,8,99,1O. 

Human parvovirus B19 can clearly cause an occasionally persistent 
arthropathy, and, with the decline in rubella, it may be one of the 
commonest viral triggers, but what are the mechanisms? Age and sex 
clearly affect the expression of B 19 infection, as is noted with other 
viruses, such as rubella. Less than 5% of children8,48 but 60% of 
women develop joint symptoms8• 

HLA typing has shown DRI to be absent in 32 adults with arthro-
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pathy persisting more than 2 months, compared with 20.1 % in a local 
control population (A. D. Woolf, personal communication) which 
raises the possibility that it is a marker for, or directly involved in, a 
more effective virus-host interaction. The prevalence of DR4 in these 
adults was 50%, compared with 36.2% in local controls, and this was 
not significant. 

Virus has not been found in synovium, synovial fluid, bone marrow 
or peripheral blood mononuclear cells in patients with persistent 
arthropathy (A. D. Woolf and J. P. Clewley, personal communication) 
using dot hybridization with a virtually entire genome clone l03 , and 
the specific IgM response does not persist, both arguing against viral 
persistence. Although immune complexes containing virus are tran­
siently detected during the acute infection 101, this is several days before 
the development of rash and arthropathy, and only low levels have 
occasionally been found in some patients with arthropathy7. 

Rheumatoid factor has occasionally been found7,99,104, and, although 
this is often in patients with only a transient arthropathy, cases have 
been reported where the onset of classical seropositive rheumatoid 
arthritis appears to be coincident with serological evidence of recent 
B19 infection lO• Seroepidemiological studies have shown no difference 
between the incidence of past BI9 infection in patients with rheu~ 
matoid arthritis and that in age- and sex-matched controls lO5 (A. D. 
Woolf, personal communication). Bl9 may be acting as a trigger in 
certain genetically susceptible individuals lO6 and some of these cases 
have had a haplotype which has been associated with rheumatoid 
arthritis lO; or, alternatively, these cases may have been the mere coinci­
dence of two diseases. A long-term follow-up study of B19 infection 
is currently trying to establish the final outcome of infection. 

Hepatitis B virus 

Hepatitis B virus is a small spherical DNA virus. The virion is the 
42 nm Dane particle which consists of a nucleocapsid enclosed by a 
coat, the surface antigen (HBsAg). The core antigen (HBcAg), the e 
antigen (HBeAg), the partially double-stranded DNA and a DNA 
polymerase form the nucleocapsid. 

Most people develop a transient, often subclinical, infection which 
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is associated with an antibody response to HBsAg. If symptomatic, 
prodromal symptoms of fever, anorexia, nausea, vomiting and 
occasionally diarrhoea are followed by jaundice. There may also be a 
rash, either maculopapular, petechial or urticarial. About 25% of 
those icteric develop joint symptoms lO7 but these also occur in the 
absence of jaundice 107,108. The arthropathy is of interest because of the 
proposed pathogenic mechanisms. About 5-10% of infected people 
fail to clear the virus and a third of these develop chronic active 
hepatitis. Others develop chronic persistent hepatitis or remain 
asymptomatic carriers. Polyarteritis nodosa and mixed essential cry­
oglobulinaemia have also been associated with the hepatitis B infec­
tion107,I09. 

The arthropathy usually develops during the prodromal phase but 
may be simultaneous with or occur after the onset ofjaundice107 . There 
is usually a rapid onset of joint pain and marked morning stiffness 
with either a migratory, additive or a symetrical pattern. Arthritis in 
addition to arthralgia develops lO7. Tenderness may suggest more of a 
periarthritis and the swelling is not always clearly synoviaillo. The 
small joints of the hands and knees are most often involved but also 
wrists, ankles, shoulders, elbows, hips and occasionally the spine lO7• 

Symptoms usually persist for 1-3 weeks, resolving in most with the 
onset of jaundice. Prolonged or recurrent joint symptoms may occur 
in those who have persistence ofHB antigenaemiallO,lll. Subcutaneous 
nodules, histologically like rheumatoid nodules, have been noted ll2. 

Rash and fever often accompany the arthropathy but as many as 59% 
may remain anicteric107,108, although most do have abnormal liver 
function tests. Rheumatoid factor is occasionally detected 107 . 

Arthropathy can develop at all ages but is infrequent in children. 
There is no marked sex association lO7. The incidence of arthropathy 
has been very high in some outbreaks and the possibility of arthri­
to genic viral strains has been suggested llO. Joint symptoms also occur 
in multisystem vasculitis associated with hepatitis B antigenaemia, are 
more persistent and rheumatoid factor is often detected 107. 

The acute arthropathy is thought to be a 'serum sickness" -like 
syndromell3 . It occurs early in the infection and is frequently 
accompanied by skin involvement. There is antigenaemia with free 
HBsAg found in serum and synovial fluid. Anti-HBsAg antibodies 
are not usually found simultaneous with antigenlO7 but appear as 
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HBsAg disappears, often coinciding with resolution of the arthro­
pathy11O,114. Complement levels are depressed in serum and synovial 
fiuid I07,110,111,115. Cryoglobulins containing HBsAg, anti-HBs antibody 
and complement components are found. These differ from those in 
patients without arthropathy, both quantitatively and qualitatively115. 
One difference is their ability to activate the classical and alternative 
pathways of complement in vitro115 • 

Persistent HB virus antigenaemia is associated with polyarteritis 
nodosa (PAN)107 and mixed essential cryoglobulinaemia (MEC) 109: 
conditions both associated with deposition of immune complexes 
within which hepatitis B antigen has been demonstrated 109,115 but 
differing in the vessel size involved. This may relate to the charac­
teristics of the immune complexes and depend on whether or not there 
is antigen excess and to the host immune response. Free HBsAG is 
found in PNI07, suggesting antigen excess associated with soluble 
complexes, whereas little or no free HBsAg is found in MECI09. 

Other viruses 

Arthritis has been associated with other common acute viral infections 
(Table 3.1). These have been occasional case reports and the timing 
of the arthropathy to the clinical and serological evidence of infection 
is the only evidence for a causal association. Virus has not been 
isolated from the synovium. 

Mumps 

Mumps was first associated with an arthropathy in 1850 by Rillet116 
and less than 40 cases have been reported. It is a paramyxovirus: large 
pleomorphic enveloped single-stranded RNA viruses that include 
measles, and canine distemper virus. Persistent measles infection 
causes subacute sclerosing panencephalitis117, and inclusions sugges­
tive of a paramyxovirus have been reported in osteoclasts of Pagetic 
bone118. 

Mumps is subclinical in up to 40% of cases and its clinical mani­
festations relate to its tropism for glandular and nervous tissue. Par-
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otItIs is common but post-pubertal men may develop epididymo­
orchitis and post-pubertal women, occasionally, oophoritis. Men­
ingitis is occasionally apparant, predominantly in men, but a pleo­
cytosis of the CSF has been noted in up to 62% of cases. Encephalitis 
occurs in about 1 in every 6000 cases. 

An arthropathy occurs in less than 0.5% of clinical cases of 
mumps 11 9, 120. Most cases have been young men121 . In some, there has 
been no parotitis and the diagnosis has been made retrospectively by 
serology. Symptoms usually follow the parotitis by 1-3 weeks and 
there is typically an acute polyarthritis which is often migratory. Large 
joints, such as the shoulders, hips, knees, and ankles, are commonly 
affected, although small joints, such as the metacarpophalangeal and 
proximal interphalangeal joints, may be involved. Others develop an 
acute monarthritis of knee, hip or ankle; or arthralgia alone. If children 
have joint symptoms, they are mild and limited to a few joints122. 
These joint symptoms have resolved in 45% by 2 weeks, but have 
persisted more than a month in 22% and occasionally up to 6 
months121 . X-rays have only shown soft-tissue swelling and there is 
no long-term damage. Other visceral involvement is often seen in those 
with arthritis. The pathogenesis of arthropathy remains unknown. 
Virus has never been isolated from the joint and no immune complexes 
were found in the only study done123. 

Epstein-Barr virus 

Epstein-Barr virus infection may be accompanied by an acute sym­
metric polyarthritis lasting a few days but two more persistent cases 
have been reported124,125, one having a persistent symmetrical rheu­
matoid factor negative erosive polyarthritis at 2 years. Three patients 
have been reported who developed a polyarthritis following an acute 
febrile illness with serological evidence of Coxsackie B infection. This 
progressed to an erosive polyarthritis in one case which was persistent 
at 3 years9 • 
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RHEUMATOID ARTHRITIS 

Evidence for a viral aetiology to rheumatoid arthritis has been exten­
sively sought5• Viruses remain popular as a potential cause for rheu­
matoid arthritis for reasons previously stated, but, even if a virus were 
identified, it would prove difficult to show conclusively that it is 
causative2• Several of the viral infections already discussed may persist 
for months to years, may be associated with rheumatoid 
factor7,99,104,107, and there have been case reports of them progressing 
to an erosive arthropathy9,124, occasionally classical rheumatoid 
arthritislO. To establish that a common infection progresses to rheu­
matoid arthritis in only a few cases requires properly controlled pro­
spective follow-up studies that have not been done. The various 
methods discussed to identify a viral aetiology have been applied to 
rheumatoid arthritis over the last 40 years and have proved incon­
clusive or negative. With the failure to isolate a virus by culture, by 
inoculation of rheumatoid tissue into animals and humans and by 
other more conventional means, the idea that it might be a non­
cytopathic latent virus became popular. Techniques sensitive enough 
to detect these, such as DNA hybridization, have all failed, but, as 
illustrated by CAEV, only a small population of cells need be infected 
which limits the ability of even these methods to identify the putative 
virus. Less direct methods, such as seeking viral nucleic acid poly­
merases, have also been unrewarding. There have been occasional 
reports of viral isolates in established chronic arthritis, in particular 
of rubella I26-I28. These have been in a variety of adult and childhood 
arthritides, rarely in seropositive rheumatoid arthritis, and could rep­
resent the virus being a mere passenger in one of the cell populations 
attracted to the already inflamed synovium21 , as rubella virus has been 
isolated from peripheral blood lymphocytes 2 years after vaccination 14. 

A parvovirus RA-I has been isolated from a rheumatoid joint by 
cocultivation with human foetal lung fibroblasts followed by repeated 
passage in new born mice l29• RA-l has only been obtained by serial 
passage through neonatal mice and it could be a rodent virus unrelated 
to rheumatoid disease. The direct identification of RA-l antigen or 
DNA in rheumatoid synovium is required to prove any association, 
and, once specific antibody of sufficient activity is available, supportive 
seroepidemiological data could be sought. 
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Serology has, however, suggested a role for Epstein-Barr (EB) virus 
in rheumatoid arthritis. It is attractive as an aetiological agent as it is 
lymphotrophic, lymphoproliferative and a polyclonal B-cell activator. 
An immunoprecipitin to a nuclear antigen from EB-transformed B 
cells was found in sera from patients with rheumatoid arthritis and 
named RANAI30,131. Anti-RANA antibodies react with the same mol­
ecular weight polypeptide as anti-EBNA-l (an EBV nuclear antigen) 
antibodies132 and they also react with a normal constituent of B­
lymphocytes133. That anti-RANA antibodies may be both auto­
antibody and an antibody to EBNA-l is supported by the cross­
reactivity of a monoclonal anti-EBNA-I antibody with a normal 
cellular protein 1 34,135. However, the specificity of anti-RANA anti­
bodies to rheumatoid arthritis, when ~ompared with normal controls 
and other chronic inflammatory diseases, is unclear as their prevalence 
and levels have varied in the different control groups studied135. In 
addition to this possible molecular mimicry, there are -abnormalities 
in cellular immunity in rheumatoid arthritis relating to EB virus. There 
appears to be a decreased T-cell suppression of EBV -infected B­
lymphocytes136,137 and an increased frequency ofEBV-infected cells in 
patients with rheumatoid arthritis138, but, again, the specificity of these 
changes for rheumatoid arthritis is unclear. Although these data 
make an attractive hypothesis for the pathogenesis of rheumatoid 
disease135, host or other environmental factors would have to playa 
role as EBV is such a ubiquitous infection. 

Seroepidemiological studies have otherwise been unhelpful and 
would suggest either a host-dependent reaction of an individual to a 
common virus or a novel agent for which serological tests do not exist. 
There are few data at present on what genetic factors do affect outcome 
in the known viral arthritides, apart from the possible protective effect 
of DR! in parvovirus Bl9 arthropathy49, but an association between 
rheumatoid arthritis and DR4 is clearly established I39,14o. 

Local synthesis of antiviral antibodies l ? or the presence of viral­
sensitized lymphocytes2o have been sought and found, but, for reasons 
stated, these findings do not provide substantive evidence of a role for 
these viruses in chronic arthritis and there are other explanations for 
their presence 17 ,22,23. 

There is, therefore, no proven role at present for viruses as a cause 
of the chronic arthritides, such as rheumatoid arthritis or juvenile 
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chronic arthritis. This does not exclude such a trigger and it is still 
being sought. However, even in arthritides such as Reiter's disease, in 
which the infective trigger and the host susceptibility are known, there 
is still little understanding of the mechanisms of their interaction. The 
analysis of animal models, such as CAEV, may help to unravel the 
pathogenesis of viral-induced arthritis. 
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4 
OPPORTUNISTIC ORGANISMS AND 
ARTHRITIS 

P. W. THOMPSON 

INTRODUCTION 

In our world, micro-organisms are ubiquitous. The newborn are con­
taminated at birth and remain unknowing hosts to billions of micro­
scopic parasites throughout life. Most are harmless commensals, some 
live in symbiosis, helping to digest food and furnishing vitamins, while 
others are pathogens causing disease. 

Some pathogens are highly aggressive and are able to penetrate the 
defences of a normal healthy host (primary pathogens). Others are 
opportunistic organisms and only infect and cause disease if defence 
mechanisms have been broken. 

Most of the time there is a balance between the pathogenic prop­
erties of the micro-organism and the defences of the host. Either 
is a potential aggressor against the other if the equilibrium is dis­
turbed l . 

This chapter explores this balance of power. 

ARTHRITIS AS A CAUSE OF OPPORTUNISTIC INFECTION 

Chronic arthritis predisposes to infection. For example, there is no 
doubt that patients with rheumatoid arthritis2 and systemic lupus 
erythematosus3 (SLE) suffer more fatal infections than the normal 
population. 
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The predisposition is multifactorial. A combination of the disease 
process, its complications and treatment result in damage to superficial 
defences, and the humoral, phagocytic and cell-mediated immune 
mechanisms4• 

Any defect in the skin or mucous membrane will allow normal skin 
inhabitants to gain access to the body. Vasculitic ulcers, mouth ulcers 
in Behc;et's disease or secondary to gold or D-penicillamine treatment, 
and pressure sores in the immobile arthritic patient are prone to 
superinfection with staphylococci and Gram-negative bacilli. There 
may be local abscess formation or septicaemia. The latter is a par­
ticular problem in hospitalized patients with indwelling catheters and 
intravenous lines. 

Poorly perfused, damaged tissue offers an environment where 
opportunistic organisms can lodge and mutiply. The joint, damaged 
for whatever reason, is prone to chronic infection by micro-organisms 
which reach their target during transient bacteraemia (for example, 
following dental extraction). 

Once past the superficial defences, pathogens encounter immu­
nological mechanisms of protection, several of which may be defective 
because of the arthritic process or its treatment. 

Although defects of humoral immunity are not characteristic of 
most inflammatory arthritic conditions\ the rare complement 
deficiencies associated with lupus-like syndromes are associated with 
increased risk of infection. Patients receiving intensive immuno­
suppressive therapy may suffer immunoglobulin deficiency due to 
B-lymphocyte dysfunction, resulting in reduced bacterial opsonization 
and are prone to infections with encapsulated bacteria, such as pneu­
mococci and H aemophilus injiuenzae. 

Neutropenia occurs in Felty's syndrome and is a well-recognized 
side effect of second-line anti rheumatoid drug therapy. There is an 
inverse relationship between the absolute peripheral neutrophil count 
and the risk of infection, so that, below 0.1 x 1O-9/L, almost all 
patients will acquire an infection6• Most infections occur in the lower 
respiratory tract, pharynx, perineum and urinary tract, and bac­
teraemia with no obvious portal of entry is common. Table 4.1 shows 
organisms which commonly cause infection in neutropenia6 • 

Specific neutrophil disorders, such as Chediak-Higashi syndrome7, 

are associated with an increased risk of infection. Similar, though less 
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marked, defects in neutrophil function are well known in rheumatoid 
arthritis and SLE5 and non-steroidal anti-inflammatory drugs have 
been shown to affect neutrophil chemotaxis8, increasing the potential 
for opportunistic infection. 

Defects in cell-mediated immunity are associated with increased 
risk of infection with tuberculosis, candida and herpes zoster. Such 
defects occur in rheumatoid arthritis and SLP. 

Perhaps the chief culprits for the predisposition to infection are 
glucocorticoids, immunosuppressive drugs and total lymphoid 
irradiation. Table 4.2 lists some infections that occur in immuno­
suppressed patients9 . Infection is a particular risk when anti­
proliferative drugs are given in combination with steroids2 • 

It is surprising how infrequently infection results from the intra­
articular injection of corticosteroids but the importance of such an 
event cannot be overemphasized. More common is the infection of an 
implanted prosthesis 10. About a third of the latter infections occur via 
the blood following dental extractions or urinogenital instrumentation 
in the same way as chronic infections of damaged heart valves, and 
are caused by similar organisms, while two-thirds are introduced at 
the time of surgery. Table 4.3 shows a general view of the organisms 
commonly involvedlO • 

TABLE 4.1 Organisms commonly 
causing infection in neutropenia6 

Gram-negative bacilli 
Escherichia coli 
Klebsiella 

Pseudomonas aeruginosa 
Serratia 
Proteus 
Enterobacter 

Gram-positive bacilli 
Staphylococcus aureus 
Streptococcus pneumoniae 
Group D streptococci 

Fungi 
Candida albicans 
Aspergillus spp. 
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TABLE 4.2 Opportunistic organisms 
causing infection in 
immu nosu ppressive therapy3 

Bacteria 
Pyrogenic sepsis 
Tuberculosis 

Viruses 
Herpes zoster 
Varicella 
Measles 
Cytomegalovirus 

Fungi 
Candida 
Coccidioidomycosis 
Nocardia 
Aspergillus 
Cryptococcosis 

Arthropodia 
Scabies 

TABLE 4.3 Organisms causing 
infection in prosthetic joints10 

Staphylococci 
Epidermis 
Aureus 

Streptococci 
Pyogenes (group A) 
Agalactiae (Group B) 
Faecalis (enterococcus) 

Gram-negative bacilli 

Anaerobes 

OPPORTUNISTIC ORGANISMS AS A CAUSE OF CHRONIC 
ARTHRITIS 

It may be interesting to look at things from the other direction and 
consider how those organisms which are frequently associated with 
opportunistic infection may produce arthritis in normal individuals. 
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The causative associations between micro-organisms and arthritis 
may be considered as occurring in four waysll (Table 4.4). 

Infective arth ritis2 

Septic arthritis may arise spontaneously or may supervene in rheu­
matoid arthritis, mechanically damaged joints (including neuropathic 
joints), in debilitating disease, and following immunosuppressive 
therapy. 

Tuberculous arthritis is of increasing importance in immigrant 
populations in the UK. It frequently arises in an otherwise fit indi­
vidual and may occur several years after arrival in this country. It 
may affect any joint. 

Bone and joint infection with histoplasmosis is very rare in the UK 
but an important cause of infection in the Americas. Arthralgia may 
accompany the rash of erythema nodosum or multiforme which some­
times occurs in association with pulmonary histoplasmosis in a similar 
way to pulmonary tuberculosis. 

Occasionally a polyarthritis is associated with overwhelming sys­
temic infection with toxoplasma, cytomegalovirus, herpes zoster or 
listeria. 

Rarely, a prosthetic joint will become chronically infected following 
haematogenous spread from a primary infection with fungi, such as 
candida, nocardia or aspergillus. 

Infection with pneumocystis or herpes simplex is not usually associ­
ated with arthritis. 

TABLE 4.4 Possible causal relationship between infective organisms 
and arthritis11 

Agent 
Class known 

I + 
II + 
III + 
IV 

Viable 
organism in 

joint 

+ 
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Non-viable 
organism in 

joint 

+ 
+ 

Arthritic 
syndrome 

Infective 
Post - infective 

Reactive 
Inflammatory 
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Post-infective arthritis 

Although, strictly speaking, not opportunIstIc pathogens, the 
meningococci and gonococci are capable of producing an arthritis 
during the recovery phase of systemic infection. In the majority of 
these cases, the synovial fluid is sterile but bacterial antigen-antibody 
immune complexes can be found in the synovium associated with 
chronic inflammatory cells and the arthritis is likely to be the result 
of an Arthus reaction l2 • 

Reactive arthritis 

The Group A p-haemolytic streptococcus commonly produces upper 
respiratory tract infections which are complicated by rheumatic fever 
in a few cases. It may be thought of as an opportunistic organism, 
producing articular disease in susceptible hosts. The cause of the 
arthritis is uncertain but anti-connective tissue antibodies have been 
detected and it may be an example of a cross-reactive antibody 
phenomenon 13. 

Several other examples of reactive arthritis are known to the rheu­
matologist although the same clinical picture can be produced by 
several different organisms. The gut-associated and sexually-acquired 
reactive arthritides are examples and have been linked with infections 
with salmonella, shigella, yersinia and campylobacter in the former, 
and chlamydia and urea plasma in the latterl4 . 

Inflammatory arthritis 

What of the chronic inflammatory arthritides where evidence for an 
association with an infective organism has not been forthcoming? 

Diphtheroids l5 , mycoplasmal6, viruses l ?,18 and many other organ­
isms have been put forward as causative organisms in rheumatoid 
arthritis, and klebsiella, among several gut opportunists, as the cause 
of ankylosing spondylitis. To date, there is no convincing evidence 
that an individual organism is implicated. It may be that the host is 
genetically susceptible to the production of arthritis following infec-
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tion with a variety of micro-organisms. If this is the case, then chronic 
arthritis would be the result of, as well as a cause of, infection with 
opportunistic organisms! 
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5 
ARTHRITIS IN LEPROSY AND 
SCH ISTOSOM IASIS 

S. L. ATKIN 

INTRODUCTION 

Leprosy and schistosomiasis are chronic infectious diseases which 
have afflicted mankind since the days of antiquity and indeed both are 
referred to in the Quran. They are a major cause of disability and, 
despite advances in chemotherapy, there is evidence to show that far 
from being historic diseases on the decline, in fact, their prevalence is 
increasing. Apart from the morbidity and mortality of the diseases, 
they impose a major economic burden on developing countries in terms 
oflost manpower, treatment and rehabilitation, further stretching the 
overextended health services. 

One need look no further than the socioeconomic impact of arthritis 
in patients in developed countries to see the effect of arthritis super­
imposed upon the backcloth of the manifestations of leprosy and 
schistosomiasis. 

SCHISTOSOMIASIS AND ARTHRITIS 

Schistosomiasis (bilharziasis) is a group of diseases mainly affecting 
the genitourinary and gastrointestinal systems. It is caused by a trema­
tode of the genus Schistosoma, of which the three most common 
species to affect man are S. mansoni, S. haematobium and S.japonicum. 
Each tends to afflict a different geographical and ethnic group. Even 
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within one country, different forms are prevalent in different regions). 
The life cycles of the three species are similar. Arthritis has only 

been described in schistosomiasis in Egypt to date and therefore the 
discussion will be restricted to S. mansoni and S. haematobium, which 
are both endemic to that country). Man is the definitive host and is 
infected by contact with fresh slow-running water containing schisto­
some cercariae. The cercariae penetrate the skin, develop into tailless 
schistosomu1es and actively migrate throughout the body to localize 
selectively in small terminal blood vessels. Most adult S. haematobium 
live in the prostatic, bladder and uterine venous plexuses, whereas 
S. mansoni inhabit the venu1es of the inferior mesenteric plexus of the 
portal tract. They lie in intimate contact as paired adults. Following 
fertilization, the ova are released from the bladder (S. haematobium) 
and the intestine (S. mansoni) and hatch immediately in fresh water 
to free-swimming miricidiae. The miricidiae infect a specific snail 
secondary host in which, following two sporocyst generations, they 
develop into cercariae to repeat the cycle of infection. The prevalence 
of schistosomiasis in Egypt has increased dramatically since the con­
struction of the Aswan Dam, to become epidemic throughout lower 
Egypt2• 

An arthritis associated with S. mansoni infection was first docu­
mented in 19663• Patients with active schistosomiasis infection pre­
senting with conspicuous back, knee and ankle pain was described. 
Bassiouni and Kame14 noted a similar distribution of arthritis in 
patients with active schistosomiasis infection affecting the heels (41 %), 
sacroiliac joints (41 %), cervical spine (30%), knees (27%), dorsal spine 
(21 %) and tarsal joints (4%). X-ray appearances of the cervicodorsa1 
spine, knees, hands and feet were all within norma11imits. However, 
the sacroiliac and heel X-rays showed pathological changes of 'an 
inflammatory character.' The heels showed plantar fasciitis and an 
Achilles tendonitis, calcaneal spurs and periosteal reactions were seen. 
The sacroiliac joints showed loss of articular margins, erosions and 
widening. Synovial biopsy revealed ova in the synovium in three 
patients with a surrounding reactive synovitis. Knee arthroscopy and 
open surgery in others with arthritis showed reactive changes within 
the synovium devoid of ova. Rheumatoid factor was positive in 3 % 
of patients and it was concluded that X-ray changes of the heels and 
sacroiliac joints were of diagnostic value. In both studies3,4, there was 
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neither morning stiffness nor inactivity stiffness. Articular swelling 
and synovial effusion were not described. 

In a study of 96 patients with active S. mansoni infection only, 72 
patients with prominent musculoskeletal complaints were described. 
Nine patients presented with a peripheral polyarthritis alone, 16 
patients had an enthesitis alone and 47 were suffering from a com­
bination of both an arthritis and an enthesitis. The patients with 
musculoskeletal disease were significantly older and the length of 
exposure to recurrent infections with schistosomiasis was greater than 
in those patients with schistosomiasis alone. The arthritis was per­
ipheral and symmetrical in distribution in 42 patients, affecting the 
proximal interphalangeal and metacarpophalangeal joints, wrists, 
knees and ankles. In 21 patients, the arthritis was pauciarticular 
(less than four joints affected) in distribution with a similar joint 
predilection in a variable combination. All of the patients with a 
pauciarticular arthritis had a concomitant enthesitis. The enthesitis 
affected those sites of insertion into the nuchal crest, the shoulder, the 
medial and lateral epicondyles of the elbow, the iliac crests and pubic 
symphysis, the femoral tubercles, sites of insertion into and out of the 
patella and into the tibial tubercle, sites of insertion of the medial and 
lateral collateral ligaments of the knee, site of insertion of the Achilles 
tendon and of the plantar aponeurosis. The enthesitis was not localized 
to any particular site or distribution. 

The musculoskeletal symptoms presented three days to two weeks 
after the first symptoms of schistosomiasis infection, with joint pain 
alone or in combination with pain at the site of the enthesis. Prominent 
morning stiffness, lasting 30 minutes to 2 hours, and marked inactivity 
stiffness, lasting up to 30 minutes, was described. The joints were 
tender and warm, but not red, with soft-tissue swelling due to synovial 
effusions. There was related muscle atrophy. 

Synovial fluid taken from 4 patients revealed an inflammatory 
picture and bacterial culture was negative. Unfortunately, no synovial 
biopsies were taken. Radiology of the affected joints was unremark­
able, with no evidence of an underlying erosive process. The acute 
phase reactant (X-I-acid glycoprotein was found to 'mark' those 
patients with arthritis, being lowered significantly. 

IgM rheumatoid factor was noted in 5 patients with schistosomiasis 
with arthritis but also in 4 patients without schistosomiasis without 
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arthritis5• Seropositivity for IgM rheumatoid factor has been pre­
viously documented in schistosomiasis6,7, restricting the value of this 
investigation in establishing or excluding rheumatoid arthritis. In two 
studies3,5, the musculoskeletal symptoms resolved on specific anti­
schistosomiasis medication, with little response to corticosteroids or to 
non-steroidal anti-inflammatory drugs. Eight patients are described5 

where musculoskeletal symptoms completely resolved within one 
month of instituting medication with a further 2 suffering continuing 
symptoms after this period, Males and females appear to be affected 
equally. 

It would be unusual for the two types of arthritis described in 
patients with schistosomiasis, affecting the back and large joints of 
the lower limbs3,4 and in a peripheral distal distribution5 with an 
enthesitis, to remain clinically distinct entities. Further research will 
probably find that there is a range of musculoskeletal presentations 
in these patients. 

LEPROSY AND ARTHRITIS 

Leprosy is a disease caused by the obligate intracellular parasite, 
Mycobacterium leprae8• WHO estimate that there are 10.8 million 
cases and, of these, about 18% are under treatment9 • Depending upon 
the strength of the cellular immune response against M. leprae, a 
spectrum of clinical presentations may result lO• Patients may be classi­
fied according to Ridley and Jopling8 by a combination of clinical and 
histopathological features into determinate and indeterminate forms. 
The determinate patients may be divided into tuberculoid leprosy 
(TT), borderline tuberculoid (BT), borderline (BB), borderline lepro­
matous (BL) and lepromatous leprosy (LL). Borderline patients (BT­
BL) change their classification, while patients with polar disease tend 
not to shift. Those patients with high resistance, i.e, well-developed 
cell-mediated immunity to M. leprae, develop tuberculoid leprosy in 
which the disease is localized to the skin and peripheral nerves, whereas 
those with low resistance develop lepromatous leprosy, in which gener­
alized infection develops. 

Bacilli are shed in the order of 107 to 108 per day from the nasal 
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mucosa of LL patients and inhalation is the most probable method 
of infection II. 

The incubation period is measured in years and may become mani­
fest decades after leaving an infected area. 

Neuropathic or Charcot's joints are mentioned in all descriptions 
in the major textbooks of leprosy and rheumatology. Lepra Type II 
or erythema nodosum leprosum (ENL) reactions are likewise found 
in all major texts I2•13 • ENL reactions occur predominantly in LL and, 
to a lesser extent, BL. They may occur spontaneously or may be 
provoked by intercurrent infection, stress, injury or surgery, immu­
nization, pregnancy or parturition. Systemic disturbance may be 
marked with red painful skin nodules, superficial or deep to the dermis, 
nerve pain, bone pain, rhinitis, epistaxis, acute iridiocyclitis, swollen 
and tender lymphadenopathy, acute epididymal orchitis, proteinuria 
and arthritis. The arthritis, with or without joint swelling, occurs 
following the onset of the constitutional symptoms and signs of ENL 
with day-to-day variation in severityl4. The joints affected are those 
of the shoulders, elbows, knees, ankles and small joints of the hands 
and feet. Several joints may be affected together from the onset, or 
joints may be sequentially involved. Joint swelling is due to synovial 
effusions, aspiration of which shows an inflammatory reaction but 
bacterial culture is negative. The acute joint changes resolve leaving 
no residual disability. ENL reactions are thought to be due to an 
'Arthus' reaction where there is a reactive arthropathy to precipitating 
immune complexes in the tissues l5 . Thalidomide, 100-400mg per day, 
is the drug of choice except in premenopausal women. Alternatively, 
reducing doses of prednisolone, commencing at 30mg per day, or 
clofazimine, initially 300 mg per day, may be used. Clofazimine may 
be used to wean patients off steroids who are troubled with continuous 
ENL and where thalidomide cannot be used. Clofazimine may tem­
porarily aggravate reactions and therefore should be given under 
steroid cover. 

It has been suggested that leprosy is a disease which is analogous 
in many ways to rheumatoid arthritis 16. Albert, Weisman and Kaplan 17 

examined 21 patients and documented erythema nodosum with and 
without arthritis in 5 and 9 patients respectively, 'swollen hand syn­
drome' in 3 patients and single patients with 'dermatomyositis-like' 
disease and vasculitis. In a clinical abstract l8 , 18 un selected leprosy 
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patients were examined, 14 of whom were without ENL reactions, had 
chronic episodic pain, swelling and impairment of function affecting 
several large joints (wrists, elbows and knees), and small joints (hands), 
but there is little detailed description of the affected joint distribution. 
Radiological erosions were noted but there is no indication of their 
site. Synovial biopsies in 4 patients showed oedema and lymphocytic 
infiltration but no acid-fast bacilli were demonstrated. Similarly, in 
two large-scale studies from IndiaI9,20, it is reported that musculo­
skeletal manifestations were encountered in a proportion of patients 
but few details were given. 

More recently, a clinical and radiological study of 66 leprosy 
patients l4 documented a peripheral symmetrical polyarthritis in 20 
patients and arthritis in 12 patients with ENL reactions together with 
one patient with lucio phenomenon-necrotizing ENUI. 

The symmetrical peripheral polyarthritis affected the wrists, meta­
carpal and proximal interphalangeal joints of the hands, the knees and 
metatarsophalangeal joints of the feet. The arthritis evolved months or 
years after the onset of the first symptoms of leprosy and appeared 
independently of ENL or lepra Type I reactions. The onset was 
insidious with a pattern of exacerbations and remissions. Morning 
stiffness and inactivity stiffness were conspicuous. All of the patients 
suffered from joint swelling due to synovial effusion and swelling, 
tenderness over the joint margin and pain in both active and passive 
movements of the joints. The arthritis responded poorly to non­
steroidal anti-inflammatory agents but appeared to respond to anti­
leprosy medication. The authors were unable to say whether this was 
due to the natural history of the arthritis or the influence of medication. 
In some, permanent structural deformities, such as swan neck, bou­
tonniere and trigger finger deformity were noted. The arthritis was 
erosive in 11 patients, affecting the carpal bones, metacarpophalangeal 
and proximal interphalangeal joints of the hands and the meta­
tarsophalangeal joints of the feet. The destructive arthritis did not 
differ in clinical presentation or evolution within any leprosy 
subgroup. However, the study was unable to determine whether those 
patients with arthritis without erosions would have progressed to a 
destructive stage. 

IgM rheumatoid factor l4 was found more commonly in those 
patients without arthritis than those with arthritis. IgM rheumatoid 
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factor is commonly found in leprosy1,22 restricting the value of the 
investigation and confirming or excluding rheumatoid arthritis, an 
observation similar to that of the arthritis in schistosomiasis. 

PUTATIVE MECHANISMS 

The aetiology ofthe arthritis found in both schistosomiasis and leprosy 
is unclear. Ova have been documented in the synovium in schis­
tosomiasis\ and 'lepra' cells (macrophages filled with replicating 
M. /eprae bacilli) have been found in the synovial fluid of a leprosy 
patient l7 • It is possible that the arthritis associated with both leprosy 
and schistosomiasis is being initiated by, and is perpetuated by, the 
respective organisms. In the event of this explanation being correct, 
then the questions will arise: is the synovitis produced directly by the 
presence of replicating organisms in the synovium? is the synovitis the 
result of the presence of microbial antigen in synovium? or is the 
synovitis the result locally of the presence elsewhere in the body of the 
microbial antigen? The identification of the underlying mechanisms 
responsible for the joint inflammation in these diseases may offer 
enhanced insight into diseases of unknown aetiology, such as rheu­
matoid arthritis. 

In both leprosy and schistosomiasis, arthritis may be the presenting 
complaint of the diseases5,l4. Although the general practitioner or 
rheumatologist in the developed country is unlikely to meet either 
disease, in a world of rapid air travel and an immigrant population 
there must be an awareness of leprosy and schistosomiasis, albeit low 
in a differential diagnosis of patients presenting with arthritis. 
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6 
ARBOVIRUS ARTHRITIS 

D. WALKER 

INTRODUCTION 

Many virus infections are associated with the development of an 
arthritis. In Britain and the USA, common associations are with 
hepatitis B, mumps and rubella, whilst, in other parts of the world, 
arboviruses are implicated in the pathogenesis of joint disease. 

The term arbovirus is a contraction of the phrase arthropod-borne 
virus. Arboviruses are defined by the WHO as 'viruses which are 
maintained in nature principally, or to an important extent, through 
biological transmission between susceptible vertebrate hosts by hae­
matophagous arthropods; they multiply and produce viraemia in 
vertebrates, multiply in the tissues of arthropods and are passed on 
to new vertebrates by the bite of an arthropod after a period of 
extrinsic incubation'. This definition excludes viruses which are merely 
transferred mechanically between vertebrates by insects. The 
arboviruses are remarkable for their ability to reproduce in both 
arthropod and mammalian cells. 

The classification of a virus as an arbovirus is based on its mode of 
transmission and is unrelated to the morphological or functional 
characteristics of the virus, or to the clinical syndrome with which it 
is associated. Arboviruses are drawn from several families, notably 
Togaviridae, Arenaviridae, Bunyaviridae, Reoviridae and Rhab­
doviridae, and from many genera which are determined serologicallyl. 

The concept of viruses as the causative agents of disease was 
developed from the observations ofIvanowsky, who showed in 1892 
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that tobacco mosaic disease was caused by material which could 
be passed through a fine-pore filter. The phenomenon of disease 
transmission by true arthropod vectors was first demonstrated by 
Manson in 1878, who described transmission of the filiarial worm, 
Wuchereria bancrofti, by mosquito vector. This was followed by the 
demonstration by Ross of transmission of the malarial parasite by 
mosquitos. 

The first arbovirus to be described was yellow fever virus. This 
disease was shown to be transmissable by mosquito vector by Walter 
Reed in 1901 after extensive studies of the condition amongst Amer­
ican servicemen in Cuba. It was confirmed to be a filterable virus by 
Stokes et al. in 1927. In the sixty years since then, over 400 arboviruses 
have been described of which more than 100 are associated with 
disease in man. 

The arboviruses constitute a vast heterogeneous group of organ­
isms. It is not surprising that arbovirus infections are associated with a 
broad spectrum of clinical syndromes. Encephalitic and haemorrhagic 
syndromes are described following infection with specific groups 
of arboviruses. Many arbovirus infections are associated with non­
specific symptoms, or diagnosed only after investigation for pyrexia 
of unknown origin. A small group of arboviruses produce a clinical 
syndrome of which joint symptoms are the major complaint. This 
group is the subject of this chapter. 

The principal members of this group are Ross river, Chikungunya, 
Sindbis and O'nyong nyong. These viruses share a common basic 
structure. They are single-stranded RNA viruses of icosahedral shape 
enclosed in a lipid envelope. They are all classified in the family 
Togaviridae and the genus Alphavirus, although arthritis associated 
with viruses classified in other genera is now being recognized. The 
clinical syndromes associated with infection by these viruses are very 
similar but the epidemiology and ecology of the viruses are quite 
diffferent. 

All of these viruses are transmitted by mosquito vectors. The virus 
is present in the saliva of the mosquito and is introduced into the host 
by the bite of the mosquito. If the virus is able to multiply, a viraemia 
occurs several days later which coincides with the onset of symptoms. 
Antibodies to the virus appear in the blood 2--4 days after the onset 
of symptoms. High titres of these antibodies may persist for many 
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years2. The patient retains lifelong immunity to that particular virus 
type. This immunity may not protect the individual from different 
serotypes of that virus. In the pathogenesis of Dengue fever, a group 
B arbovirus, it has been suggested that second infection by a different 
serotype may result in the much more severe haemorrhagic form of 
the disease. This may be due to antibody to the first type combining 
with the second virus without neutralizing it. Virus entry to host cells 
might then be facilitated by interaction between antibody and host 
cell Fc receptors3. 

ACUTE ARTHRITIS ASSOCIATED WITH ARBOVIRUS INFECTION 

Chikungunya 

The name Chikungunya is derived from the Swahili words meaning 
'that which bends joints up'. Chikungunya infection occurs in epi­
demics with sporadic cases occurring between epidemics. The mech­
anism of virus survival between epidemics is unclear. The virus was 
first isolated4 after an epidemic in Tanzania in 1952-3. Epidemics 
have since been described in South Africa, Nigeria, India, Cambodia, 
Thailand and Zimbabwe. Historical evidence suggests that many epi­
demics described prior to 1953, previously ascribed to Dengue virus, 
were in fact Chikungunya5. 

African studies implicate wild primates, including vervet monkeys 
and baboons, as the principal hosts other than man6 . Transmission 
studies have shown that the virus can be transmitted readily by several 
mosquitos of the genera Aedes and Mansonia7,8. The principal African 
vector is Aedes furcifer-taylori although Aedes aegypti has been impli­
cated in urban epidemics. 

After infection with Chikungunya, there is an incubation period of 
2-19 days. This is followed by an acute onset of fever, headache, 
rigors, arthralgia, myalgia, nausea, vomiting and diarrhoea. A skin 
rash develops on the trunk, limbs, palms and soles of the feet which 
is of maculopapular or morbilliform appearance. The skin rash may 
fade and reappear several times during the acute phase of the disease. 
Photophobia and lymphadenopathy may be present. The fever, head­
ache, rash and gastrointestinal symptoms resolve spontaneously over 
2-7 days9,1O. 
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The most striking feature of Chikungunya infection is severe joint 
pain. The articular manifestations typically appear 3-5 days after 
onset of the first symptoms. The most commonly affected joints are 
the MCP joints, wrists, elbows, shoulders, knees, ankles and MTP 
joints. Joint involvement is symmetrical. Any synovial joint may 
be involved, particularly previously injured joints. The hip is not 
commonly affected. The affected joints are swollen, stiff and painful 
even at rest. Pain is exacerbated by overexertion of the jointll. Symp­
toms are less severe in children and resolve more quickly. 

In most cases, the articular symptoms regress and disappear over a 
period of 1-12 months. Occasionally, the joint symptoms do not 
resolve and the condition becomes chronic. 

Sindbis 

Sindbis virus was first isolated in the Sindbis region of the Nile delta 
in Egyptl2. The virus has since been isolated in Africa, Southern Asia, 
Czechoslovakia, USSR and Australia. The principal hosts other than 
man are wild birdsl3. Sindbis virus has been isolated from many species 
of mosquito, particularly of the genus Culex. Human infection tends 
to occur sporadically despite a high prevalence of the virus in other 
hosts in some areas. This may be due to a high incidence of subclinical 
infection, or to a low biting rate on man of the vector species. 

Infection with Sindbis presents after an incubation period of 2-5 
days with a prodrome of mild fever, malaise, headache and generalized 
joint and muscle pains. A rash then develops on the trunk and limbs. 
The rash is usually maculopapular and pruritic. Vesicles may develop 
on hands and feet. The rash tends to disappear from limbs and trunk 
in the order in which it appearedl4. Joint pain and swelling are common 
and may be severe. Stiffness may also be present. The joints most 
commonly affected are the small joints of hands and feet l5. The symp­
toms usually disappear in 10-14 days but residual joint pain may 
occur. 
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O'nyong nyong 

O'nyong nyong virus was first described during an epidemic of a 
dengue-like illness which began in Uganda in 19591• O'nyong nyong 
in the local dialect means 'joint-breaker'. The epidemic spread 
throughout Kenya, Malawi and Tanzania l . 

The principal vertebrate hosts other than man have yet to be 
described. Arboviruses are mainly transmitted by culicine mosquitos, 
particularly of the genera Culex and Aedes. In the East African 
epidemic, the insect vectors were anophelines, principally Anopheles 
Junestus and Anopheles gamhiae l • 

The documented clinical descriptions of O'nyong nyong fever were 
all produced by the East African Virus Research Institute during the 
1959 epidemic. The onset of O'nyong nyong fever was typically 
sudden. The incubation period was probably greater than eight days. 
The principal symptom was joint pain. The joints most commonly 
affected were wrists, elbows, knees, ankles and the small joints of 
the hands. A morbilliform rash appeared after three to four days. 
Lymphadenopathy was present and usually a prominent feature of 
the illness. Headache and low-grade fever were almost universally 
present I6,17. 

O'nyong nyong is very similar to Chikungunya, both antigenically, 
in that antibodies to the virus raised in humans will cross-react with 
Chikungunya virus, and in the clinical syndrome with which it is 
associated. Certainly these viruses may be distinguished serologically 
but the degree of antigenic overlap suggests that O'nyong nyong may 
be an antigenic variant of Chikungunyal8 • 

Ross river 

A syndrome of polyarthralgia and rash occurring in epidemics was 
first described in Australia by Nimmo in 192819• The syndrome became 
known as 'epidemic polyarthritis'. Patients with the syndrome were 
shown to have high antibody titres to Ross river virus20• The virus 
was finally isolated from patients with the syndrome in 197FI. The 
condition is endemic in Australia and several hundred cases are diag­
nosed every year in Australia. The condition has also been reported 
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in New Guinea and the Solomon Islands. Recent epidemics of many 
thousands of cases have been reported in Fiji and American Samoa. 

In the pacific island epidemics, the high incidence of antibodies to 
the virus in humans compared with other vertebrates suggested that 
the virus was maintained in a mosquito-man-mosquito cycle. In 
Australia, the disease is endemic and wild vertebrates are important 
hosts other than man. The principal vectors in Australia are thought 
to be Culex annulirostris and Aedes vigilax. Ross river virus has been 
shown to cross the placenta in humans22. 

The incubation period is 7-9 days23. The low clinical infection rate 
may be due to clearance or inactivation of the virus during this 
period by non-specific immunological mechanisms in non-susceptible 
individuals24. The principal clinical features are fever, sore throat, 
maculopapular or vesicular rash and polyarthralgia. The joints most 
commonly involved are the small joints of hands and feet. Effusions 
and joint swelling may occur. The symptoms usually subside in days 
or weeks but joint pain persist for years25. 

Other arboviruses 

Many other arboviruses are associated with arthritis. Mayaro is a 
group A arbovirus which is found on the American continent26. 
Infection may result in fever and joint pain with or without swelling. 
Mayaro tends to occur during yellow fever epidemics. This is probably 
due to both viruses being transmitted by the same mosquito vectors 
of the genus Haemogogus. The principal hosts other than man are 
thought to be wild primates27 • 

West Nile, Dengue and Igbo-Ora viruses are all reported to cause 
arthritis in some cases. Early reports have to led to some confusion 
between these viruses and Chikungunya or Sindbis due to similarities 
in epidemiology or clinical features I5 ,18, or inadequate diagnostic tech­
mques. 
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CHRONIC ARTHRITIS ASSOCIATED WITH ARBOVIRUS INFECTION 

It has been noted by many authors that the arthritis associated with 
arboviruses does not always resolve with the disappearance of the 
other symptoms of acute infection. Joint pain, swelling and stiffness 
may persist for months or years. 

There are sporadic reports of subacute or chronic arthritis following 
infection with Sindbis, Ross river and West Nile viruses. 

In a retrospective study of 117 patients presenting with epidemic 
polyarthritis in Queensland, Australia, 20 replies were received to a 
questionnaire concerning persistence of joint pains. Of these, 6 
reported persistence of joint symptoms, particularly of the feet and 
ankles28 . 

Chronic arthritis following Chikungunya infection is documented 
more comprehensively. A study of 20 patients in the acute phase of 
Chikungunya infection and four months after the acute phase, was 
conducted in 198029 • At four months, 15% were suffering severe pain, 
45% were still symptomatic and 40% were suffering little or no pain. 
A mean duration of morning stiffness of 62.5 minutes was recorded 
with only 2 patients free of this symptom. Grip strength was below 
normal in 90% of patients. Radiographs showed some soft tissue 
swelling in 40% and revealed 2 small erosions in the MCP joints of 1 
patient. No control radiographs were available and so the abnormal 
features cannot be assumed to be a result of Chikungunya infection. 
Three patients had raised serum acute~phase protein levels and 2 
developed positive rheumatoid factor titres. 

In a study of 28 patients with Chikungunya infection, 5 patients 
had persistent symptoms 20 months after onset of symptoms9 • No 
radiological abnormalities were present 1 year after onset of symp­
toms. 

In a retrospective study of 107 patients, all of whom had contracted 
acute Chikungunya infection 40-60 months previously, 88% reco­
vered completely after a variable period of up to 3 years. A further 6% 
had occasional or persistent joint symptoms. The principal symptoms 
were morning stiffness, gelling after rest and mild pain. The remaining 
6% had persistent severe pain and stiffness. Some had joint swelling. 
Effusions were common. The most commonly affected joints were the 
wrists, ankles, knees, MCP and MTP joints. Radiographs showed no 
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evidence of erosions. Patients with chronic arthritis retained very high 
antibody titres to Chikungunya. None of these patients had positive 
rheumatoid factor titres27• 

There are reports of a destructive, erosive arthritis developing fol­
lowing Chikungunya infection29,3o. The association is documented 
poorly as yet but potentially is very important in rheumatological 
research. This is the only virus that is implicated in the pathogenesis 
of destructive, erosive joint disease in man. This form of arthritis may 
be studied as a human model of chronic destructive joint disease. 

It appears that there is a spectrum of response to infection with 
these arboviruses. The majority recover over a period of weeks or 
months, but others suffer a greater or lesser degree of residual joint 
symptoms which may persist for many years and may result in joint 
erosion. At present, there are no prediction factors for this sub­
population. One study suggested that an association exists between 
possession of the HLA-B27 antigen and susceptibility to the chronic 
form of Chikungunya arthritis7• Of 5 patients with chronic arthritis 
following an isolated outbreak, 4 were found to be positive for the 
HLA-B27 antigen. This association has not been found by other 
workers, including our own unpublished study. No other genetic 
susceptibility factor has been suggested. 

Studies of the chronic form of arbovirus arthritis are hampered by 
logistical problems. Most cases of arbovirus arthritis occur during 
epidemics, usually in areas with poor medical facilities. The early cases 
in such an epidemic are diagnosed serologically. Once the epidemic is 
established, diagnosis is made on clinical grounds. Hence, very few of 
the occasional cases which go on to be chronic have been diagnosed 
serologically in the acute phase. Unless rising viral antibody titres 
have been demonstrated between acute and convalescent sera, the 
disease cannot be attributed to the arbovirus because high viral titres 
are known to persist for many years in some patients. 

DIAGNOSIS AND TREATMENT 

Definitive diagnosis of arbovirus infection can only be made by iso­
lation of the virus or by serological testing of acute and convalescent 
sera from an infected patient. Virus isolation from serum is difficult 
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and only possible in the first 2-4 days after appearance of symptoms. 
Virus isolation from other fluids and tissues has not been reported. 

Arboviruses are classified into genera and species according to 
the results of three types of immunological reactions: complement 
fixation, neutralization and haemagglutination-inhibition. These reac­
tions are used commonly in the diagnosis of arbivorus infection. 

A fourfold rise in antibody titres to a specific virus between acute 
and convalescent sera indicates recent infection by that virus or a 
closely related virus. 

There is a considerable degree of antigenic overlap demonstrated 
by antibody cross-reactions amongst many groups of arboviruses and 
this is the basis of their classification. This phenomenon may represent 
the sharing of epitopes amongst groups of arboviruses. The overlap 
was first described after studies on West Nile virus3!, but almost all 
arboviruses have now been shown to have some antigenic inter­
relationships. Diagnosis of infection by one of the alphaviruses 
described above is usually made by haemagglutination-inhibition 
testing. An alphavirus will not cross-react with arboviruses of other 
genera. They will cross-react with other alphaviruses in these reactions 
but to a lesser degree than with homologous antigen. With other 
genera, the interrelationships are more complicated and require more 
comprehensive tests. Similar tests with flaviviruses showed that 
immune sera raised against a specific virus produced higher 
haemagglutination-inhibition titres to heterologous antigen from 
some other flaviviruses32 • 

As described previously, diagnosis during an epidemic is usually on 
clinical grounds. A high index of suspicion is essential in areas where 
the viruses are endemic. 

There are other less specific indicators of arbovirus infection. In the 
acute phase of the infection, the erythrocyte sedimentation rate is 
usually raised. Serum acute-phase protein concentrations show a non­
specific rise. A leukopaenia with a relative lymphocytosis is usually 
present. Studies with serum complement vary between arboviruses. 
Patients with Ross river virus arthritis exhibit no depletion of serum 
complement and the virus does not activate either the classical or 
alternative pathway in vitro in the absence of the virus-specific anti­
body24. Conversely, Sindbis has been shown to activate both the 
classical and the alternative pathways33. 
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Treatment of arbovirus arthritis is unsatisfactory. In the acute 
phase, pain may be severe, particularly in Chikungunya arthritis. Non­
steroidal anti-inflammatory agents, the first-line treatment in other 
forms of inflammatory arthritis, are ineffective4• Opiate analgesics are 
effective and may be indicated. 

No controlled trials of therapy for the chronic form of arbovirus 
arthritis have been published. Anecdotal evidence and one uncon­
trolled pilot study suggest that antimalarial drugs may be of value in 
these patients. In this study29, chloroquine, in high doses similar to 
those used for rheumatoid arthritis, was given to 6 patients with 
chronic Chikungunya arthritis for 3 months. Of these patients, 3 
had significantly reduced joint tenderness (measured by the Ritchie 
articular index), 2 had slight improvement and 1 patient did not 
improve. Clearly, a larger study is required to confirm these findings. 
No trials of the other second-line drugs used in rheumatoid arthritis 
as therapy for chronic arbovirus arthritis had been published. 

Prevention of these infections is desirable due to the inadequacy of 
treatment, severity of the disease in some individuals and the increased 
number of non-immune tourists visiting areas where these viruses are 
endemic. Vaccines for other togaviruses, such as rubella and yellow 
fever, are in widespread use but no vaccines are available commercially 
for alphaviruses. Several groups have attempted to produce such a 
vaccine. A vaccine to Chikungunya has been produced34, and has been 
shown to be effective against African and Asian strains of the virus. 

Of the other measures for prevention of arbovirus infection, vector 
control is the most promising. An alternative is control of vertebrate 
amplifier hosts but much more is known of identity and ecology of 
the vectors than of the hosts. 

THE IMPORTANCE OF ARBOVIRUSES 

Arboviruses are found all over the world in all climates. In recent 
years, arboviruses have been discovered even in Northern Europe and 
the UK. Their spread is limited by the ecology of their hosts and 
vectors. With the increase in tourism and travel to previously inac­
cessible parts of the world, it is possible that visitors to areas where 
arboviruses are endemic may become infected by the virus and return 
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home before symptoms have developed. It is conceivable that such a 
visitor could return home whilst still in the viraemic phase and infect 
any suitable local vectors. Hence, a knowledge of arboviruses and the 
clinical syndromes with which they are associated is a relevant asset 
to all rheumatologists. 

Of greater importance is the enormous worldwide morbidity associ­
ated with alpha virus infection. The epidemics of alpha virus infection 
are amongst the greatest ever recorded. The epidemic of O'nyong 
nyong in 1959 was reported to affect several million people. The 
number of cases of endemic alphavirus infection is still increasing, 
although this may be due, at least in part, to improvement in diagnosis 
due to increased awareness of these conditions. 

Chikungunya arthritis presents an exciting opportunity for research 
workers as a means of studying the pathogenesis of chronic poly­
arthritis in man. An important aetiological factor is known. This gives 
the rheumatologist an opportunity to study the pathogenesis of the 
condition at an earlier stage than can be achieved by studying other 
forms of chronic joint disease, such as rheumatoid arthritis. An animal 
model ofChikungunya arthritis is under development for this purpose. 
Studies of the virus at the molecular level may also yield information 
concerning the induction and maintenance of chronic polyarthritis in 
man. 
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7 

MANAGEMENT OF THE SEPTIC 
JOINT 

D.J. WALKER 

Septic arthritis remains one of the few true emergencies in rheu­
matology. The rate at which permanent damage to the structure of 
the joint occurs demands immediate action on suspicion of sepsis. It 
is better to treat many cases of gout with antibiotics than to not treat 
one septic joint. 

INITIAL MANAGEMENT 

The red hot joint requires aspiration as is discussed elsewhere in this 
book. It is very important that this should be done prior to treatment 
with antibiotics. Some joints are easily palpated and aspirated but 
others, such as the hip and sacroiliac joints, are not. The presence of 
an effusion in such joints can frequently be confirmed by ultrasound l . 

Aspiration should then be performed by an experienced person using 
either X-ray or ultrasound to confirm that the joint has been 
penetrated. A dry tap is not significant unless this has been done. It 
is not possible to confirm or exclude a diagnosis of infection merely 
on the basis of inspection or white cell count of the fluid aspirated2• 

If the fluid may be infected, the patient should be treated as though 
it is, pending the results of culture. Part of the fluid should be micro­
scoped immediately with a Gram stain as this may give an early 
indication of the likely organism. Inspection of the fluid with a 
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polarizing light microscope is usual because crystal-induced arthritis 
is the other common cause of a red hot joint. It should be remembered 
that the presence of crystals in the fluid does not in any way exclude 
infection. In patients with crystals deposited in their joints, any cause 
for a joint effusion will show some crystals in the fluid. 

Prior to commencing antibiotics, other potentially informative tests 
should be performed. A portal of entry for the bacteria into the body, 
such as a boil, should be sought and, if found, swabbed. Blood should 
be taken for culture as this is occasionally the only source from which 
the organism is isolated. An erythrocyte sedimentation rate (ESR) 
should be measured, not to assist in diagnosis, but to provide a way 
of following the progress of the disease. Radiographs of the affected 
joint are important and the radiological changes in septic arthritis are 
reviewed by Resnick3• X-rays will show up any pre-existing joint 
problems or nearby osteomyelitis, which may cause joint effusion, 
either sterile or septic4• These X-rays will act as a base line for pro­
gression of the disease. 

The use of radioisotope scanning techniques, such as labelling leu­
kocytes with gallium or indium, has only a small part to play in 
defining septic arthritis5• While these scans can give results suggestive 
of the presence of localized infection, this is only useful if performed 
in a patient with good evidence of sepsis, but at an unknown site. This 
site may be a joint. 

Computerized tomography (CT) and nuclear magnetic resonance 
(NMR) are also only occasionally useful. Both are good for defining 
the extent of the infection, particularly in the surrounding bone6 and 
NMR may be better than cr. 

Some general principles of management apply to any patient with 
septic arthritis. The patient should be admitted to hospital for bed rest 
and observation. The affected joint should be splinted, if accessible, to 
ensure maximum rest. Temperature should be taken four-hourly. 
Unaffected limbs should receive maintenance physiotherapy, par­
ticularly in the presence of other, pre-existing, arthritis. 

Antibiotics should be started prior to culture results being available. 
The choice of antibiotic and route of administration may vary accord­
ing to local considerations and the co-operation of a microbiologist 
is important. In an adult patient who was previously fit and well, the 
most likely causative organism is a staphylococcus. Treatment with 
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parenteral flucloxacillin, 500 mg four times daily, is therefore the initial 
treatment. In other circumstances, different antibiotics may be pre­
ferable. The experience of culturing synovial fluid samples from RA 
patients at the Freeman Road Hospital is that only 50% isolate 
staphylococci and the rest other organisms, particularly Escherichia 
coli. For this reason, it is now our policy to commence treatment with 
more broad spectrum antibiotics. Currently, we use cefuroxime, 
750mg intravenously, eight-hourly pending the results of culture and 
sensitivity. It may be that the even more powerful broad spectrum 
antibiotics which are becoming available will find a place in treating 
this sort ofpatient8• In babies under the age of two years, Haemophilus 
injiuenzae is the most usual cause of septic arthritis9 and hence the 
choice of antibiotic should reflect this. In drug addicts, pseudomonas 
and klebsiella are common pathogens and the spine and sacroiliac 
joints are frequently involved 10. The gonococcus frequently causes 
polyarticular sepsis9 and sexually active females should have high 
vaginal swabs taken. 

The presence of polyarthritis, such as rheumatoid arthritis, will 
influence management. In such patients, sepsis should be considered 
if one joint becomes inflamed out of proportion to the rest of the 
arthritis. The choice of antibiotic may be altered as discussed above. 
The need to keep the patient's other limbs active may dictate earlier 
mobilization. 

Drug therapy for pre-existing arthritis may influence the pres­
entation and progress of the disease. Corticosteroids will not only 
increase the risk of sepsis but they may also mask the symptoms and 
delay presentation. It is, however, rarely possible to stop such steroid 
therapy; in fact, it is usually necessary to increase the steroids during 
the infection to allow for adrenal supression. Non-steroidal anti­
inflammatory drugs may produce similar problems but to a lesser 
degree. Cases of septic arthritis occasionally show dramatic symp­
tomatic response to NSAIDs, causing delay in specific therapy and 
probably a worse outcome. It is well known that NSAIDs, such as 
indomethacin, will severely inhibit the function of macro phages in 
vi/roll. As macrophage function is important in clearing infection, 
there is some argument as to whether NSAID therapy should be 
stopped during septic arthritis. 
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FURTHER MANAGEMENT 

Once the results of culture and sensitivity are available, the antibiotic 
should be changed accordingly, with the advice of a microbiologist. 
If no organism is isolated from any of the cultures and the joint is 
still thought to be infected, broad spectrum antibiotics should be 
continued. It is our policy to convert to oral cephalexin, 500 mg, eight­
hourly, after one week. Response then has to be judged clinically and 
with the help of the ESR. 

Adequate drainage of the affected joint is essential to minimize joint 
damage. Should effusion recur in the affected joint, it must be drained. 
It is usually possible to keep a joint adequately drained by repeated 
needle aspiration, but, if this proves difficult, the help of an ortho­
paedic surgeon will be invaluable. The surgeon will be able to perform 
an arthrotomy and place drains, allowing irrigation with antiseptics, 
such as Noxyflex. Arthroscopy, as a method of drainage, may be a 
less invasive way of surgically draining a septic jointl2. 

The patient should be kept in bed until the joint is clinically quiet. 
ESR will tend to follow the clinical progress but with a delay of a 
week or two. Radiographs should be repeated after one week but may 
be expected to deteriorate for several weeks after active infection has 
been eradicated. 

The duration of antibiotic therapy should be between six weeks and 
three months. In circumstances where the infection proves difficult to 
eradicate, antibiotics may need to be continued indefinitely. 

LATE MANAGEMENT 

Over the weeks following treatment, the extent of the permanent 
damage to the joint will become apparent. This will be judged both 
clinically and radiologically. Symptoms should be treated on their 
merit as for degenerative arthritis. Should the pain and disability be 
severe enough, orthopaedic opinion about arthroplasty should be 
sought. Such opinion may vary with different surgeons. Some surgeons 
will not consider arthroplasty following sepsis but will favour arthrod­
esis. Others will replace the joint once infection is eradicated. 
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INFECTION IN THE PRESENCE OF AN ARTIFICIAL JOINT 

Infection is a rare, but disastrous, complication of arthroplasty, either 
at the time of operation or subsequently, and prophylactic antibiotics 
should be taken for potentially bacteraemic procedures. Infection 
usually presents with pain and swelling of the affected joint and 
loosening of the prosthesis. Systemic signs of infection are usually 
present. The first investigation in this situation should be a radio­
graph 13 and this is most likely to show a lucent zone around the 
prosthesis, or the cement, of greater than 2 mm. On suspicion of 
infection, orthopaedic help should be sought immediately. Eradication 
of the infection without removal of the artificial joint is rare l4• It is, 
however, sometimes possible to suppress infection with long-term 
antibiotics and this may be preferable to removing the joint. Revision 
of an infected arthroplasty is possible but orthopaedic opinion is again 
divided. Some encouraging results have been achieved using antibiotic­
impregnated cement l5 • An alternative is to remove the infected joint, 
keep the patient in traction for several weeks until the infection is 
eradicated and then replace the joint. Again, this is not straight­
forward as the complete removal of the cement is difficult. In the case 
of the hip joint of an elderly person, a Girdlestone's procedure may 
be satisfactory. 
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8 
INTERLEUKIN 1 AND TUMOUR 
NECROSIS FACTOR IN THE 
PATHOGENESIS OF SEPTIC 
ARTHRITIS 

F. S. 01 GIOVINE J. A. SYMONS and G. W. DUFF 

Septic arthritis is a medical emergency requiring early diagnosis and 
effective antimicrobial treatment. Though the great majority of cases 
have a satisfactory outcome, one of the most striking features is the 
rapid destruction of cartilage and bone tissue that can occur, fre­
quently leading to permanent joint damage. 

The cellular and molecular mechanisms of tissue destruction during 
inflammation and infection are incompletely understood, but sig­
nificant progress has been made recently and it seems certain that the 
induction of cytokines will be established as an important event in the 
pathogenesis. 

Cytokines are inducible proteins with receptor-mediated effects on 
many different target cells. Cells of macrophage lineage, lymphocytes, 
endothelial and other mesenchymal cells have the potential to produce 
cytokines after appropriate stimulation. In articular pathology, the 
cytokines that have received most attention so far have been the 
interleukins and cytotoxinsl ,2. In particular, interleukin 1 a and p and 
tumour necrosis factor a have powerful effects on the metabolism of 
bone3,4 and cartilage tissues5,6. These proteins7,8 have already been 
implicated in the pathogenesis of several rheumatic diseases, including 
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rheumatoid arthritis, reactive arthritis, crystal-associated arthritis and 
septic arthritis. 

INTERLEUKIN 1 

Interleukin I peptides are produced by 2 distinct genes (ILl (l and Pt. 
The genes are structurally similar, with 7 exons, 6 introns and related 
3' untranslated regions in their mRNAlo,ll. In both cases, the primary 
translation product is a propeptide of approximately 31 kDa which is 
then processed to produce mature peptides of 17 kDa9. Though the 
peptides share only 26% homology in amino acid sequence they 
compete equally for binding to a single class of receptor on target 
tissue12,13. Consequently, and especially in vitro, their biological activi­
ties are very similar14• However, there are important differences 
between the two proteins, and, while neither carries a classical hydro­
phobic leader sequence typical of secretory proteins, ILl P achieves 
about 60% extracellular translocation while ILl (l remains more than 
90% cell associated 15• 

TABLE 8.1 Molecular characteristics of human ILl and TNF 

IL1 ex IL1 Ii TNFex 

Gene location chromosome 2 unpublished chromosome 6 (in 
MHC) 

mRNA 2.2 kb 1.6 kb 16/1.8 kb 

Propeptide 271 aa 269aa 233aa 
30.6 kDa 30.7 kDa 

Glycosylation no one potential site no 

Leader sequence no no 76aa 

Mature peptide 159aa 153aa 157aa 
17.5 kDa 17.3 kDa 17.4 kDa 
pl5 pl7 

Native molecule monomer or non- monomer or non- non-covalent 
covalent polymer covalent polymer polymers 

Receptor 80kDa 80kDa 70 kDa/138 kDa 
aisoiL1P alsolLlrx also TNF P 
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The ILl receptor has been characterized and clonedl6.1t is a peptide 
of approximately 80 kDa which retains affinity for ILl even when in 
solution. Table 8.1 summarizes some of the molecular and biochemical 
properties ofILl (J. and p. 

ILl bioactivities are extremely wide ranging and biological effects 
can be seen with concentrations as low as 10- 15 mol L -I. Of the many 
effects attributed to ILl, those relevant to joint destruction include 

TABLE 8.2 Some biological effects of IL1 in vitro 

IMMUNE SYSTEM 
T -cells 

Comitogenic with antigen 
I L2 induction 
I L2 R expression 
I L4 production 
I FN y induction 
I L3 induction 
c-fos/c-myc induction 
Chemotaxis 

B-cells 
BCGF activity (proliferation) - cofactor? 
BCDF activity (ab production) -cofactor? 

Monocytes 
Chemotaxis 
Cytotoxicity enhancement 
PG E2 synthesis 
I L 1 autoinduction 

NK cells 
Enhancement in N K activity (with I L27) 

Basophils 
Degranulation. histamine release 

Eosinophils 
Degranulation 

Fibroblasts 
I nduction of 

IFN (J 2/IL6 
GM-CSF 
PG E2 and proteases 

Endothelial cells 
I nduction of: 

GM-CSF 
M-CSF 
I L 1 
ICAM 1 protein 

MUSCULOSKELETAL TISSUE 
Bone 

Resorption (organ culture) 
Osteoclast activation 
Osteoblast mitogenesis 

Cartilage 
Resorption (organ culture) 

Chondrocytes 
Release of collagenase 
Release of plasminogen activator 
Release of neutral proteases 
Activation of PLA2 
Decreased collagen synthesis 
Decreased proteoglycan synthesis 

Fibroblasts 
Proliferation 
PGE2 production 
Collagenase induction 
Cytokine production 
Increased collagen synthesis 
Decreased collagen synthesis (via PG E7) 

Synoviocytes 
PG E2 production 
Collagenase induction 

VASCULAR TISSUES 
Endothelial cells 

Proliferation 
Thromboxane production 
PG 12 production 
Procoagulant activity 
PGE2 production 
I ncreased adhesiveness 
Cytokine production 

Vascular smooth muscle 
I L1 autoinduction 

123 



INFECTIONS AND ARTHRITIS 

the properties of inducing chondrocytes to resorb proteoglycan matrix 
in cartilagel7 - an activity of ILl previously described as 'catabolin'; 
the activation of osteoclasts and the induction of bone resorptionl8; 

and the stimulation of synovial cells to produce proteinolytic enzymes 
such as collagenase, and proinflammatory mediators including pro­
staglandin E219. 

Direct evidence of the arthritogenic properties of ILl has now been 
obtained in animal experiments20,21 where the injection of recombinant 
or purified ILl directly into joints was followed by synovial fluid 
leukocytosis, proteoglycan breakdown and lymphocyte infiltration, It 
is, therefore, clear that ILl has the potential to mediate joint destruc­
tion. Some relevant biological activities of interleukin I IX and pare 
listed in Tables 8.2 and 8.3. 

TABLE 8.3 Some biological activities of ILl in vivo 

Hypotension 
Fever 
Slow-wave sleep 
Anorexia. weight loss 
Neutrophilia 
Acute-phase proteins (SAA SAP. fibrinogen. CRP. a-l AT. C3) 
Plasma metal levels 

hypozi ncaemia 
hypoferraemia 
hypercupraemia 

I ncreased hormone levels 
corticosterone. ACTH. insulin. glucagon 

Bone marrow cell-cycling 
Induction of circulating CSFs 
Adjuvant effect 
Decreased cytochrome P450 enzyme activity 
Neutrophil accumulation in joints 
Cartilage proteoglycan breakdown 
Enhanced resistance to bacterial infection 
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TUMOUR NECROSIS FACTOR II 

This cytokine was previously identified by its cytotoxicity for certain 
tumour cell lines and also its role in inducing cachexia in infected 
animals22 • It is an inducible, classical secretory protein with a hydro­
phobic leader sequence, and 95% of newly synthesized tumour 
necrosis factor (X is released extracellularly within 20 hours15 . Its bio­
logical effects are very similar to those of interleukin 1 though it is the 
product of a different gene and acts via a distinct cell surface receptor 
(see Table 8.1). Of relevance to inflammatory arthritis and joint tissue 
destruction, it shares with ILl the ability to induce cartilage6 and 
bone4 resorption and also activates synovial cells for the production 
of mediators of tissue damage such as collagenase23 . 

Tumour necrosis factor (TNF) II and both ILl II and P (Table 8.2) 
have profound effects on the immune system through the stimulation 
of lymphocyte growth factors and their receptors24,25. In particular, 
the induction of interleukin 2 and its receptor by interleukin 1 have 
been well documented25,26. Another cytokine27 induced by ILl and 
TNF is interleukin 6 which is now regarded as a major mediator of 
the acute phase response with regulatory activities on the expression 
of acute phase protein genes, major histocompatibility complex genes 
and the pro-opiomelanocortin gene from which endocrine peptides, 
such as adrenocorticotrophin and II melanocyte stimulating hormone, 
are processed. Thus, many biological effects of ILl and TNF may be 
indirect and mediated by the induction of other cytokines in a classical 
biological amplification cascade. 

THE INDUCTION OF 1L1 AND TNF 

In most studies, it has been concluded that the genes encoding ILl (X 

and p and TNF (X are not constitutively expressed. Gene expression 
occurs after cellular activation with extrinsic stimuli. In human blood 
monocytes, resting cells do not contain detectable mRNA for ILl (X 

or p nor for TNF (x. Specific mRNA accumulates in the cell within 
minutes of cell activation and the kinetics of accumulation of mRNA 
and protein are broadly parallel, suggesting that a major level of 
control occurs at the stage of gene transcription9,15. Stimuli for gene 
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transcription are generated during immune responses and include a 
range of lymphocyte secretory proteins (lymphokines) as well as 
immune complexes and possibly cellular aggregation, suggesting that 
signals transduced through lymphokine receptors, Fc and/or com­
plement receptors and adhesion molecules can all regulate expression 
of ILl and TNF genes. Thus, immunogenic microbial pathogens will 
stimulate ILl and TNF production from antigen presenting cells 
indirectly by lymphocyte-mediated mechanisms, but it has also been 
known for many years that most microbial agents can stimulate 
cytokine production from monocytes directly by an action on the 
monocyte membrane28 • 

Perhaps the best example of a microbial product capable of direct 
activation of monocyte production of ILl and TNF is the endotoxin 
(lipopolysaccharide, LPS) component of the cell walls of Gram-nega­
tive organisms. Bacterial LPS, and in particular the lipid A moiety of 
this macromolecule, has long been used in experimental study of 
cytokine induction from macrophages. Typical dose-dependent induc­
tion of ILl from normal human blood monocytes stimulated by 
bacterial LPS is shown in Figure 8.1. Biologically detectable ILl 
activity is induced by LPS concentrations as low as 20 pg ml- I and 
below if cells are primed by y-interferon. Clearly, infection with a 
Gram-negative organism will cause direct activation of resident and 
recruited macro phages and lead to the production of ILl and TNF. 
LPS is, of course, not the only microbial product capable of direct 
stimulation of cytokine gene expression, and Gram-positive bacteria, 
viruses and yeasts are all potent stimuli of ILl and TNF production. 
Table 8.4 lists some reported microbial stimuli of ILl production 
and release. An example of TNF r:J.. induction in human monocytes 
stimulated with heat-killed staphylococci is shown in Figure 8.2. This 
is a direct effect and is independent of phagocytosis. 

CLINICAL MEASUREMENT OF CYrOKINES 

Historically, most cytokines were recognized first by bioassay. For 
example, the T-cell activating properties of ILl were studied as 'lym­
phocyte activating factor' for many years. This assay measured the 
comitogenic effect of ILl on murine thymocytes which had been 
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~ ~ (me + LPS) sup . 

• = (me + LPS + 250 u/ml PMB) sup. 

= (no me, LPS) sup. 

Cells + ConA = 1946 ± 400.7 cpm 
C3H/HeJ thymocyte assay 

LPS cone. (ng /ml) 

FIGU R E 8.1 I n this experiment. human blood monocytes from a healthy 
donor were separated by density centrifugation and adherence and cul­
tured at 106/ml. E. coli LPS. at the concentrations indicated. was added 
to the cu Itu re and 20- hour supernatants were tested for ILl content in 
the conventional lymphocyte-activating factor assay using thymocytes 
from an LPS-hyposensitive murine strain. ILl-like activity is indicated in 
proliferation units on the vertical axis. As indicated in the grey columns. 
LPS alone in a range of concentrations had no effect on thymocyte 
proliferation. The hatched columns show ILl-like activity induced in a 
concentration-dependent manner by LPS and the black column con­
firmed that ILl induction was due to LPS since it is neutralized by the 
antibiotic polymyxin B. which complexes with LPS and neutralizes its 
biological actions. These results indicate that LPS. at concentrations as 
low as 10-100 pg/ml. induces I L1 in this system and similar results are 
obtained with synovial macrophages. TN F production is also stimulated 
by LPS. It can also be seen that. in the absence of stimulation. the cells 
do not produce detectable ILl 
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~ = (ma + HKS) sup _ L929 assay o = (ma + HKS) sup _ TNF a RIA 

• = (me + HKS) sup + mab to TNF a _ L929 assay 

o = (ru! me, HKS) sup - L929 assay 

HKS walls I me 

TNF a RIA 
ng/ml 

FIGURE 8.2 In this experiment. human blood monocytes from a healthy 
donor were cultured at 1 06/ml with different concentrations of cell walls 
of heat-killed staphylococci. Twenty-hour supernatants were tested both 
for TNF-like biological activity and specific TNF IX immunoreactivity in a 
radioimmunoassay. Biological activity was tested in the conventional 
cytotoxicity assay using L929 cells (a murine adipocyte/fibroblast cell 
line). Cells, cultured alone produced no significant TN F IX but con­
centration-dependent induction was seen with heat-killed staphylococci. 
Biological activity and immunoreactivity ofTN F IX were closely parallel and 
biological activity was completely neutralized by monoclonal antibody 
specific for TNF IX. Bacterial cell walls alone had no effect in the L929 
assay. Heat-killed staphylococci also stimulate ILl production and similar 
results to these with blood monocytes can be obtained using synovial 
adherent cells 

sub optimally stimulated with mitogens. Tumour necrosis factor was 
measured by its cytotoxicity in vitro for certain transformed cell lines. 
Both III and TNF were measured as 'endogenous pyrogen' activity 
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TABLE 8.4 Direct induction of ILl by microbial agents 

Agent Target cells 

Viruses 
Influenza 
EBV 
HTLV 1 

Bacteria 
Gram-positive: 

Peptidoglycans 
Muramyl dipeptide 

Staphylococcus aureus: 
28 kDa enterotoxin 
12 kDa exotoxin 
Toxic shock exotoxin 

Streptococcus: 
Dick's toxin(s) 

Gram-negative: 
Endotoxin (LPS) 

Spirochetae 

Leukocytes 
B-cells 
T-cell lines 

Leukocytes 
Monocytes 

Leukocytes 
Leukocytes 
Monocytes 

Leukocytes 

Leukocytes 
Monocytes 
B-cells 
Langerhans cells 
Dendritic cells 
NK cells 
Endothelial cells 
Astrocytes 
Mesangial cells 

Borrelia burgdorferi (Lyme Monocytes 
disease) 

Fungi 
S. cerevisiae Leukocytes 

in rabbits, and as 'mononuclear cell factor' activity which involved 
the stimulation of prostaglandins and collagenase from synovial cells. 
The reliance on bioassays was not compatible with rapid progress in 
understanding the role of these and similar cytokines in vivo. Since 
many cytokines have similar actions, in most biological assays prob-
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lems of specificity arise and also, most biological fluids such as plasma, 
serum and inflammatory exudate, contain agents which interfere with 
the biological response being measured. However, with the puri­
fication, sequencing and subsequent cloning of individual cytokines it 
became possible to generate monoclonal antibodies or monospecific 
antisera using recombinant protein as antigen and these developments 
have enabled specific immunoassay of cytokines, even in biological 
fluids?,29,3o. 

Using immunoassays, ILl r:t, ILl P and TNF r:t (among other cyto­
kines) have now unequivocally been detected in synovial fluids? and 
other exudates from a number of inflammatory diseases. In septic 
arthritis, ILl and TNF have been measured at high concentrations 
within the active joint on initial presentation and have been shown to 
fall when inflammation is subsiding following effective antibacterial 
treatment. An example of this is shown in Table 8.5. 

Raised levels of immunoreactive cytokines in synovial fluids from 
a variety of different rheumatic diseases make it clear that the release 
of cytokines is not a specific event in the pathogenesis of any particular 
clinical entity. It seems more likely that cytokine production is a 
relatively fundamental and early event in the pathogenesis of inflam­
mation. The extent and duration of cytokine release will be influenced 
by the continuing presence of stimuli such as microbial agents and 
products of immune responses directed against them or to cross­
reactive auto antigens or those revealed by tissue damage. Once 
produced, the biological effects of IL I and TNF are likely to be 

TABLE 8.5 Immunoassay of cytokines in synovial exudate from septic 
arthritis (ng/ml) 

Day 1 
Day 14 

ILl jJ 

8.1 
4.0 

ILl a 

0.1 
<0.025 

TNF a 

1.2 
0.4 

The patient presented with acute monoarthritis. On day 1 staphylococcal 
colonies were cultured from synovial exudate and antibacterial therapy 
was given, By day 14 the signs of inHammation in the knee had largely 
resolved and residual synovial exudate was sterile. Immunoassays for the 
three cytokines indicated were performed on synovial fluid samples from 
day 1 and day 14 
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affected (both positively and negatively) by other cytokines, binding 
molecules and agents which regulate the expression of their surface 
receptors on target cells. There is, at present, intense research 
activiti 1,32 aimed at the regulation of cytokine homeostasis and dis­
turbances that may contribute to the pathogenesis of infectious and 
immune-mediated tissue damage33 . 

In summary, ILl Q( and p and TNF Q( have been implicated as 
mediators of tissue damage in septic arthritis. The evidence for this is: 

1. ILl and TNF unequivocally induce collagenase release from 
synovial cells, influence proteoglycan and collagen synthesis, 
induce proteoglycan matrix resorption in cartilage and also stimu­
late bone resorption (Tables 8.2 and 8.3). 

2. Intra-articular injection ofILl in animals leads to cartilage break­
down and leukocytosis. 

3. Human macrophages (including synovial cells) in vitro produce 
ILl and TNF as a direct response to bacterial products. 

4. ILl Q(, ILl p, and TNF are detectable at raised levels by immuno­
assay in active septic arthritis and levels fall after antibacterial 
treatment. 

Septic arthritis is a good model for tissue destruction in inflam­
matory joint disease since it has the great advantage of a known 
aetiological agent. It seems likely that an increased understanding of 
the role of cytokines and agents that modulate them wi1llead to new 
approaches for prevention and possibly reversal of joint damage in 
many rheumatic diseases. 
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9 
ROLE OF POLYMORPHONUCLEAR 
LEU KOCYTES IN TH E 
PATHOGENESIS OF INFECTIVE 
ARTHRITIS 

I. N. BIRD 

INTRODUCTION 

Types of arthritis whose onset can be associated with a known infec­
tion, diagnosed by the presence of the infective agent or its antigen(s) 
in the infected joints, are termed infective arthropathies. Infective 
agents causing such arthropathies are reviewed in the preceding chap­
ters and include bacteria, mycoplasma, fungi and viruses. The arthro­
pathies tend to be acute, with varying patterns of symptoms, and the 
time taken for resolution is very variable. A major feature of these 
arthropathies is the increased concentration of polymorphonuclear 
leukocytes (PMNL) in the synovial fluid. 

Normal synovial fluid l contains less than 50 white cells/mm3 . In 
infective arthritis, the white cell count is elevated, the degree of elev­
ation being dependent primarily on the nature of the causative agent; 
in many forms of infective arthritis, the white cell count can be 
elevated 1 to greater than lO 000 cells/mm3• Normally, about 90% of 
these white cells are PMNL. The cells are engaged in phagocytosis of 
immune complexes, micro-organisms and cellular debris present in 
the synovial fluid and surrounding tissue. 

Infective arthropathies display, to a greater or lesser extent, the 
classical signs of acute inflammation, namely redness and swelling 
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with heat, pain and loss of function. At a molecular level, it is more 
appropriate to envisage inflammation as a collection of distinct mech­
anisms which defend the body against external injury, each of which 
have additional functions2• Three changes occur in the infected joint: 

(1) Changes in vascular calibre and blood flow; 
(2) Increased vascular permeability which results in the formation of 

inflammatory exudate and local oedema; 
(3) Escape ofleukocytes from the blood into the extravascular tissues3• 

Inflammatory mediators produced by the local tissues and from the 
activation of systems found in the plasma, such as the kinin, comp­
lement and coagulation systems, mediate the extent of the changes 
seen. In addition, mediators produced by activated PMNL, such 
as prostaglandins and leukotrienes, contribute to the extent of the 
inflammation observed. 

Since PMNL are the major white blood cell type involved in the 
acute inflammatory response associated with infective arthritis their 
role is of great importance. In the course of resolving the infection, 
PMNL produce large quantities of reactive oxygen species and 
destructive enzymes. Although the primary function of these products 
is to ensure that foreign material present in the joint is destroyed, it 
must be borne in mind that they have the potential to contribute to 
the pathogenesis of the disease by damaging surrounding tissues. In 
this chapter, the PMNL will be reviewed with special emphasis on the 
cellular cytotoxic and degradative mechanisms which are employed in 
the course of combating the infection and their potential to damage 
components of the joint. 

PMNL ORIGINS AND MATURATION 

Maturation from pluripotent stem cell to mature PMNL takes about 
14 days and can be divided into two stages, the mitotic stage and the 
postmitotic stage. During the mitotic stage, the PMNL precursors 
divide and granules containing stored lysosomal enzymes and other 
antimicrobial compounds are synthesized4,5. The azurophilic granules 
(so called because of their azure colour after treatment with Wright­
Giemsa stain) are produced first. After their formation, the specific 
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granules are synthesized and, in the mature PMNL, these granules 
outnumber azurophilic by approximately two to one. 

During the postmitotic phase, cells undergo maturation of the 
formed granules and protein synthesis ceases; nuclear chromatin 
becomes tight and rough endoplasmic reticulum virtually disappears. 
Also, the number of mitochondria present in each cell is reduced and 
glycolysis becomes the primary energy source. This cellular adaptation 
is important for later possible operation in situations where the oxygen 
tension is low, a condition which is found at inflammatory foci. As 
maturation proceeds, PMNL precursors acquire functional capa­
bilities, such as the ability to phagocytose and respond to chemotactic 
stimuli6,7. On completion of maturation, the cells are fully formed, 
able to phagocytose and to kill invading micro-organisms, and, as 
such, are highly specialized end cells, incapable of further cell division 
or of major protein synthesis. 

MARGINATION AND CHEMOTAXIS 

Mature PMNL are released into the blood stream8 at a rate of about 
110 billion cells per day. To maintain such a rate of release, the 
production of cells must be commensurately large. It is not surprising 
that 50% of the cells in the bone marrow at anyone time are mature 
PMNL or their precursors. The pool of mature cells in the bone 
marrow awaiting release is thirty times larger than the pool of cir­
culating PMNL and can be mobilized rapidly in response to an 
infection. Once in the bloodstream, PMNL have a circulation half­
life of six to seven hours. The cells then marginate into the tissues 
where they may exist for one to four days. The actual length of time 
is unknown, as the tracing of PMNL in living tissues is a very difficult 
procedure9• 

Margination is the process of PMNL leaving the blood stream and 
entering the tissues. PMNL leave the capillary endothelium via the 
interendothelial cell junctions JO • The process involves the degranu­
lation of specific granules, presumably to allow the cell to digest its 
way through the junction. This does not appear to inflict permanent 
damage on the junction II. Also, the specific granular membranes are 
storage sites of C3 receptors and other substances, such as cytochrome 
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b_245 , which are incorporated into the plasma membrane on degranu­
lation 12. Such incorporation might be important in priming the cell 
prior to chemotaxis and phagocytosis. 

It is probable that margination is stimulated by localized inflam­
mation caused by the presence oflive micro-organisms or foreign anti­
gen in the joint. Such foreign surfaces might activate complement and 
local cell damage would release other inflammatory mediators, such 
as prostaglandins and leukotrienes. 

After margination, PMNL orientate themselves along the chem­
otactic gradient formed by chemotactic factors and move towards the 
source of attractant. The cell assumes an internal asymmetry with the 
nucleus at the rear of the cell, the granule containing cytoplasm in the 
middle and microtubule array and pseudopods at the cell migration 
front 13-15. Chemotactic factors are a heterogeneous group and include 
complement degradation fragments such as C5a 16 and derivatives 
of arachidonic acid generated by lipoxygenase and cyclo-oxygenase 
pathways 17. 

PHAGOCYTOSIS 

PMNL enter the joint space and move up the chemotactic gradient 
towards the source of the attractant and phagocytosis commences. 
Phagocytosis is a complex process involving the encapsulation and 
destruction of the micro-organism. 

Destruction is achieved using two mechanisms, namely reactive 
oxygen species (ROS) and lysosomal enzyme release. Production of 
ROS commences within seconds of contact with the target and involves 
the production of molecules such as superoxide radical and oxygen 
halide ions. Ectoplasmic processes extend from the plasma membrane 
and gradually engulf the target; as this occurs, granules within the cell 
move towards the area of the plasma membrane in contact with the 
target, eventually fusing with, and then degranulating into, the 
forming phagocytic vacuole. Since .the granule contents are not 
released into sealed phagolysosomes, there is leakage into the extra­
cellular mediuml8 , determined by the size of the particle being phag­
ocytosed and the availability of plasma membrane. This leakage might 
be copious, for example during the phagocytosis of large particles 
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such as MSU crystals or large aggregates of immune complexes. Also, 
there can be fusion of granules with plasma membrane which has not 
been stimulated or been in contact with a particle but with soluble 
stimuli. This is termed 'secretion'19. In addition, 'reverse endocytosis' 
or 'frustrated phagocytosis' could occur, where PMNL discharge their 
granules onto immune complexes attached to solid surfaces20. Thus, 
there is the potential for considerable local tissue damage and the 
exacerbation of the existing inflammation by constituents released 
from activated PMNL in the course of their normal function as they 
phagocytose infecting micro-organisms or immune complexes. 

Reactive oxygen species 

In 1933, Baldridge and Gerard21 observed that granulocytes sub­
stantially increased their oxygen consumption on commencing phago­
cytosis. Generally it was thought that this was a result of phagocytosis 
being an active process. However, over 20 years later, it was discovered 
that increased oxygen consumption was accompanied by increased 
glucose catabolism via the hexose monophosphate shunt (HMPS). 
These two coinciding events which occur on activation of phagocytes 
have been termed the respiratory burst. Oxygen consumption of 
PMNL can increase by a factor of 40 as the cell produces superoxide 
radicals. Research into the production of superoxide and the other 
ROS produced by phagocytes has been an area of intense interest in 
the last one and a half decades and has revealed that ROS playa 
central role in PMNL cytotoxic mechanisms (for reviews see references 
22-25). Moreover, ROS appear to be involved in the activation of 
enzymes and also act as inflammatory mediators. 

Central to the production of ROS is the enzyme complex NADPH 
oxidase which is located in the plasma membrane of the PMNL. 
The enzyme catalyses the reduction of dioxygen to superoxide using 
reduced nicotinamide adenine dinucleotide phosphate, produced from 
the HMPS: 

12NADPH + 24°2--+24°2.- + 12NADP+ + 12H+ 

This complex consists of a cytochrome, cytochrome b_ 245 which is 
unique to phagocytes26, a FAD flavoprotein27 and possibly ubiqui­
none28 • Defects in this enzyme and subsequent defects in bacterial 

139 



INFECTIONS AND ARTHRITIS 

killing by PMNL are observed in patients with chronic granulomatous 
disease. This very rare disease has highlighted the central role played 
by ROS in PMNL cytotoxic mechanisms. 

Orientation studies have shown that the enzyme produces super­
oxide radical at the site of contact with the stimulus and superoxide­
producing enzyme is located in the part of the plasma membrane 
which forms the phagocytic vacuole29 . 

The super oxide radical is not a violent reagent. It can act as a 
nucleotide in hydrophobic environments and attack groups such as 
ester--carbonyl groups associated with phospholipids. Thus, it is poss­
ible that the radical could damage synovial cells by membrane dis­
ruption during phagocytosis by PMNL, especially if such phagocytosis 
was conducted on the synovium or very close to it. Studies indicate that 
the radical is capable of damaging biological materials30,31, including 
glutathione peroxidase, an enzyme involved in PMNL radical 
defence32 • However, 80% of the superoxide produced by PMNL is 
converted into hydrogen peroxide33 • 

The addition of a second electron to superoxide results in the 
formation of the peroxide ion; peroxide formed at physiological pH 
immediately protonates to give hydrogen peroxide34• The overall reac­
tion can be expressed as follows: 

202'- +2H+~H202+02 

The rate of dismutation increases as the pH decreases: thus, it is 
probable that, as the phagolysosome forms, the rate of hydrogen 
peroxide production increases since the pH within the phagolysosome 
decreases during formation. 

Hydrogen peroxide is known to be toxic to bacteria and mammalian 
cells35 • However, the major fate of hydrogen peroxide is the production 
of oxygen halide ions produced by the enzyme, myeloperoxidase. This 
enzyme is a 150 kDa glycoprotein stored in the azurophilic granules 
and constitutes 5% of the PMNL dry weight36• Its function in 
microbial killing has been extensively scrutinized since it was shown 
that the purified enzyme, hydrogen peroxide and chloride ions 
produced a highly potent antimicrobial agent37 • The enzyme is capable 
of reacting with other halides but chloride ion is the preferred sub­
strate38,39. The enzyme catalyses the oxidation of chloride in forming 
hypochlorous acid: 
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H20 2+Cl- + H+ ---+HOCI + H20 

The pKa of hypochlorous acid is 7.5; thus, at physiological pH, the 
acid is in approximate equilibrium with its dissociated form, the 
hypochlorite ion. 

Potentially, hypochlorous acid can react in a number of different 
ways, including reaction with further chloride ions to form chlorine 
and decarboxylation reactions with amino acids40. However, the most 
potent form of reaction is thought to be with low molecular weight 
amines to form chloramines: 

R-NH2 + HOCl---+ R-NHCl + H20 

Two types of chloramine can be formed: the long-life type react with 
sulphydryl or thioester bonds41 ; the highly toxic type, which is 
lipophilic, is involved in membrane damage42. Other mechanisms 
by which this system may kill bacteria include the production of 
bactericidal aldehydes generated from free amino acids and the de­
caboxylation of amino acids in bacterial cell walls, resulting in peptide 
cleavage and subsequent loss of cell wall integrity23. Although the 
above reactions are targetted at the object being phagocytosed, there 
is considerable scope for such reactions damaging joint tissues in the 
locality of the phagocytosing PMNL. 

Other ROS which could be produced include the hydroxyl radical 
which could be produced by two possible routes. The first route is the 
Haber-Weiss reaction, where superoxide and hydrogen peroxide react 
to form the hydroxyl radical: 

O2.- +H20 2---+OH·+OH- +02 

However, kinetic studies in aqueous solutions suggest that the rate 
constant is very low. Also, it is unlikely that the concentrations of 
reagents are high enough for the reaction to occur in vivo. 

The second reaction, which is kinetically more favourable, is the 
superoxide-driven Fenton reaction: 

Fe3+ +02.- ---+Fe2+ +02 
Fe2+ +H20 2---+Fe3+ +OH- +OR 

141 



INFECTIONS AND ARTHRITIS 

This reaction requires a free iron co-ordination site43,44. Catalysis of 
the reaction may occur with copper and manganese. Iron is available 
in certain scenarios for the possible catalysis of the reaction; sufficient 
levels (jlmol/L) are present in inflammatory exudates and rheumatoid 
arthritis synovial fluid samples34• Also, several types of micro­
organisms have sufficient iron present in a usable form for catalysis. 
It should be stressed that levels of free iron in biology are normally 
zero; most of the iron in the human body is complexed to proteins, 
nucleic acids, phospholipids or low molecular weight chelating agents, 
such as citrate, ascorbate or ATP. Although chela ted iron could 
possibly participate in such a reaction, this pool of iron is very sma1l34. 

Experiments to ascertain whether the radical is produced in the course 
of PMNL function have so far proved inconclusive because chemical 
studies and electron spin r~sonance trap methods have proved to be 
too insensitive or non-specific to detect the radical43 • 

This radical is a particularly attractive candidate since it is highly 
reactive, capable of initiating lipid peroxidation and addition onto 
aromatic ring structures. 

The singlet oxygen radical also could be produced by activated 
PMNL though this is now thought to be unlikely because of the 
reaction rates, availability of reagents and pH considerations35 • 

The potential for damage to joint components by ROS is con­
siderable and there is abundant evidence to implicate these molecules 
in mediating tissue injury in vivo. PMNL phagocytosing foreign sub­
stances on the surfaces of the synovial membrane or articular cartilage 
would leak ROS from forming phagolysosomes. Possible membrane 
damage to chondrocytes and synovial cells by such species includes 
secondary radical formation within the membrane, lipid peroxidation 
and damage to membrane glycoproteins by oxidation25 . 

Also these species can alter the biochemical and biophysical prop­
erties of structural proteins, including collagen and elastin44--46. Incu­
bation of hyaluronic acid with superoxide and hydrogen peroxide 
generating systems alters the molecule, resulting in decreased viscosity 
and increased digestion by N-acetyl-p-D-glucosaminidase47 . ROS 
damage to macromolecules is likely to render them more susceptible 
to protease and acid hydrolase degradation. Thus, it is possible that 
ROS and lysosomal enzymes act in concert to initiate tissue injury 
and further promote the acute inflammatory response. 
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ENZYME RELEASE 

There are at least three types of granules in the human PMNV 9 • These 
are the azurophilic, specific and tertiary granules. The latter type are 
an ill-defined group, consisting of a range of smaller storage particles. 
A list of the enzymes contained within the azurophilic granule is 
presented in Table 9.1; it is an impressive list which can be divided 
into four sections: microbicidal enzymes, neutral proteinases, acid 
hydro lases and other proteins. 

The microbicidal enzymes consist of myeloperoxidase (see section 
above) and lysozyme, which is a 14 kDa protein; it is a heat-stable 
cationic protein which attacks specifically the fi-l-4 glycosidic linkage 
which joins N-acetyl muramic acid and N-acetyl glucosamine in the 
murein back-bone of peptidoglycan, present in bacterial cell walls48 . 

Although this enzyme is specific for bacterial cell walls, there are a 
number of species which are resistant to its action, including group A 
streptococcus, staphylococci and almost all Gram-negative bacteria49• 

TABLE 9.1 Known constituents of human PMNL granules (adapted 
from references 19 and 65) 

Azurophilic granules 

Collagenase 
Elastase 
Proteinase 3 
Cathepsin G 
Cathepsin Band D 
p-Glucuronidase 
p-G Iycerophosphatase 
0(- M an nosidase 
N-acetyl-p-

glucosaminidase 
Ribonuclease 
Deoxyribonuclease 
Lysozyme 
Myeloperoxidase 

Antimicrobial 
Cationic proteins 

Specific granules 

Collagenase 

Receptors for FM LP 
C3bi receptors 
Cytochrome b_ 245 

Lysozyme 
Vitamin B1rbinding 

protein 
Lactoferri n 
Complement activator 
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Tertiarv granules 

Gelatinase 
Proteinase 3 

Cathepsin Band D 
p-Glucuronidase 
p- G Iycerophosphatase 
0(- Mannosidase 
N- acetyl-p-

glucosaminidase 



INFECTIONS AND ARTHRITIS 

It appears that the enzyme can still attack these targets if they are 
'sensitized' by pretreatment with other factors; these include the serum 
antibody-complement systemSo, a combination of ascorbate and 
hydrogen peroxidesl , antibiotics against cell walls and proteasesS2. 
Thus, it appears that lysozyme acts in concert with other cellular 
processes to destroy bacteria, since many of the clinically significant 
types are resistant to its action alone. Indeed, the main function of 
this enzyme may be the digestion of dead bacteria, killed by other 
cellular mechanisms49. 

The neutral proteinases contained within the azurophil granule have 
been categorized into three different types: elastase, cathepsin G and 
proteinase 3. 

Elastase, a serine protease, is a 33-36 kDa molecular weight gly­
coprotein; at least three isoenzymes are present, differing in their 
carbohydrate content; these are believed to be present in various 
subpopulations of primary granuless3 . The enzyme is optimally active 
around pH 7.0 and can degrade macromolecules, such as collagen, 
elastin, proteoglycans, fibrinogen and fibronectin; it also cleaves 
immunoglobulins and complementS4. 

The enzyme is very potent and is inhibited by acute-phase proteins 
circulating in the plasma and in the inflammatory exudate, such as OCl­
antitrypsin and oc2-macroglobulinss. Indeed, the production of acute­
phase proteins by the liver and cells in the locality of the inflammation 
increases dramatically and their binding to enzymes leaked by phago­
cytosing PMNL helps limit the damage to surrounding host tissues6. 

Studies suggest that elastase action is one of the major causes of 
PMNL-mediated endothelial cell injurys7 and is implicated in various 
diseases, including arthritis, cystic fibrosis and adult respiratory dis­
tress syndromes8 . 

Cathepsin G acts on tyrosine and is a serine esterase; its natural 
substrates include cartilage proteoglycan, fibrin9gen and complement. 
Like elastase, some of its cleavage products can act as chemotactic 
factors s4. 

Proteinase 3 is distinguished from the above proteinases by its 
preference for the synthetic substrate, oc-naphthyl acetateS9. 

The known acid hydrolases present in the azurophilic granules 
constitute a formidable range of enzymes catalysing a wide range of 
reactions of a degradative nature. 
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Cathepsins Band D are acid proteinases which can be designated 
as thiol and carboxyl proteinases respectively59. The cathepsins are 
identified as different by the use of synthetic substrates54. 

The remaining enzymes in this particular group are polysaccharide 
and mucopolysaccharide hydrolysing enzymes. oc-Mannosidase cata­
lyses the removal of mannosides from sugar chains. N-acetyl-p­
glucosaminidase cleaves glycosidic bonds adjacent to N-acetyl-p-glu­
cosamine. p-Glucuronidase catalyses the hydrolysis of the glu­
curonidic bond at the non-reducing end of 0ligosaccharides60. 

A further group of proteins are found primarily in the azurophilic 
granules, termed cationic proteins61 ; this group seems to be a number 
of arginine-rich proteins, in the size range 10-25 kDa, which display 
antibacterial and antifungal activities49; these activities are non­
enzymic. Part of this group consists of a collection of peptides, called 
defensins62-M • The pep tides are 32-34 residues in length, with a 
common back-bone of eleven residues, and possess bactericidal, fungi­
cidal and antiviral activity. 

It can be seen that the above group of enzymes are bactericidal 
and essentially degradative. Thus, the azurophilic granules can be 
considered as being involved in bacterial killing and degradation19,65. 

Specific granules contain a different array of constituents from the 
azurophilic type (see Table 9.1). Lysozyme is found in this granule 
(see section above), along with the neutral proteinase, collagenase, 
and two particular binding proteins. 

Collagenase is a 76 kDa protein, comprising two subunits of 42 and 
33 kDa molecular weight66. The enzyme degrades type I collagen (most 
common in bone and tendon) and, at a lesser rate, type III collagen 
and appears to be resistant to inactivation by oc2-macroglobulin67. 
There is considerable evidence that the enzyme is stored in a latent 
form, termed procollagenase, and is activated by hypochlorous acid 
and, perhaps, directly by oxygen free radicals68,69. 

Lactoferrin is a 77 kDa protein which has a high affinity for iron49. 
It is stored in an unsaturated form and, on release, binds free iron 
which is essential for bacterial growth. The protein probably absorbs 
the free iron in the phagolysosome, hindering bacterial growth and 
possibly the generation of deleterious hydroxyl radical (see section 
above), though this latter point is disputed by some who consider that 
the lactoferrin iron would be available to participate in such radical 
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generation 70. In addition, lactoferrin inhibits the production of colony­
stimulating factor from macro phages and increases PMNL adhes­
iveness7l . 

Vitamin B12-binding protein binds vitamin B12, as the name implies, 
and is a requirement for bacterial growth. Thus, bacteria, during 
phagocytosis, are prevented from further growth and division in the 
forming phagolysosome. It is unlikely that the list above represents 
the full complement of the specific granule. 

An important observation is that the granule membrane contains 
receptors for a variety of substances, suggesting that it forms some 
sort of store for the PMNL, which is unable to synthesize replacement 
receptors. C3bi receptors which are involved in phagocytosis have 
been reported72,73, as have FMLP receptors74. It appears that the C3bi 
receptor may be involved in PMNL aggregation65 • Also, there appears 
to be cytochrome b_ 245 present in the granule75 . Complement activator 
and monocyte chemoattractant also are released from the specific 
granule76,77. Thus, specific granules contain a variety of constituents 
which reflect other functions of the granule like those seen during 
PMNL margination. 

The tertiary granules in human PMNL are an ill-defined con­
glomerate of smaller storage particles. The structures contain pre­
dominantly cathepsins Band D, with some other acid hydrolases 
present (see Table 9.1). The only enzyme located solely in this granule 
type to date is gelatinase78,79. The enzyme, which cleaves collagen, is 
stored in a latent form and is activated by respiratory burst products80. 

The PMNL contains at least three different granule types, probably 
with subpopulations within each group. The azurophilic granule 
appears to be a classic lysosomal granule; the specific granule has 
several possible functions beyond just the bactericidal one, probably 
including enhancing cell response to chemotactic signals. The tertiary 
granules are ill defined and assignment of any particular specialized 
functional activity must await further clarification of the group. 
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INFLAMMATORY MEDIATORS 

Membrane events on stimulation activate the enzyme phospholipase 
C, which, in conjunction with the diacylglycerol lipase, results in the 
production of arachidonic acid8l . Also, this polyunsaturated fatty acid 
can be directly liberated from phospholipids by phospholipase A2. 

On liberation, the arachidonic acid is metabolized to a variety of 
compounds which have various functions, via cydo-oxygenase, 5-
lipoxygenase and 12- or 15-lipoxygenase pathways. Products from 
these pathways are released from PMNL and have a variety of 
inflammatory modulating effects. 

The products of the cydo-oxygenase pathway form the prosta­
glandin and thromboxane series82. Certain products can cause 
increased vascular permeability and vasodilatation (prostaglandins El 
and E2 repectively). However, products have been shown to inhibit 
enzyme release from PMNL, suggesting that they have an anti­
inflammatory role in limiting PMNL enzyme release 17. This pathway 
is thought to be inhibited by non-steroidal anti-inflammatory drugs 
(NSAIDs), though, in PMNL, the drugs may have direct effects on 
their activation83 . 

The lip oxygenase pathways produce leukotrienes (LT)Bl,84. On acti­
vation, human PMNL release into the surrounding medium a par­
ticularly potent leukotriene, B4. This particular substance can cause 
chemotaxis, chemokinesis, aggregation, lysosomal enzyme release and 
superoxide generation from PMNUl. In addition, LTs C4, D4 and E4 
can be produced in different tissues depending on the enzymes present. 
The PMNL produces L TC4, which can cause a variety of pro­
inflammatory effects, induding oedema, vasoconstriction and leakage 
from postcapillary venules84. 

CONCLUDING REMARKS 

The PMNL play a central role in infective arthritis, phagocytosing 
and killing bacterial and fungal causative agents, and also removing 
and degrading antigen causing the acute inflammatory response 
observed in the infected joint. 

Reactive oxygen species, induding superoxide and oxygen halide 
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radicals and enzymes and other components released from the three 
granule types present in the PMNL provide a comprehensive group 
of killing and degradative mechanisms, capable of eradicating the 
infection. In addition, some of these may contribute to the inflamm­
ation observed during the course of its resolution. 
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10 
PRESENTATION OF BACTERIAL 
ANTIGENS TO T LYMPHOCYTES 

J. A. GOODACRE 

INTRODUCTION 

T lymphocytes use specific receptors to recognize short linear peptide 
antigens associated with 'self' MHC-encoded molecules on the surface 
membranes of antigen presenting cells (APC). In comparison B lym­
phocytes bind specifically free antigen using cell surface immuno­
globulin, and antibodies usually recognise configurational epitopes. 
Besides the recognition of antigen other signals, mediated by accessory 
molecules and cytokines, may be needed for T cell activation to occur. 
T lymphocytes can be divided into at least two major subsets on the 
basis of their function, namely helper T lymphocytes, which facilitate 
the differentiation of B lymphocytes into antibody-secreting cells, and 
cytotoxic T lymphocytes which lyse infected cells. Much controversy 
continues to surround the possible existence of suppressor T lym­
phocytes as a separate subset. The activation of antigen-specific helper 
T lymphocytes is a fundamental step in the induction of immune 
responses. Until recently the mechanisms of antigen presentation had 
been studied only using experimental protein antigens, such as oval­
bumin, but there is now increasing interest in the induction of T 
lymphocyte responses to bacterial antigens. These mechanisms may 
be relevant in two ways to the pathogenesis of arthritis. Firstly, in 
infective arthritis bacteria may be isolated from synovial fluid. The 
nature of the host's immune response to these bacteria at this site is 
likely to be important in determining the outcome of the disease and 
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might also be important in determining initially the localization of 
infection to the joint. Secondly, the pathogenesis of chronic poly­
arthritis (such as rheumatoid arthritis and ankylosing spondylitis) 
may be associated with bacterial infection. One mechanism for 
this might be that chronic polyarthritis results from the activation 
of T lymphocytes recognizing bacterial antigens which are hom­
ologous to certain self proteins. These T lymphocytes might then 
induce cross-reactive immune responses to host tissue. The strongest 
evidence for this mechanism is that cloned T lymphocytes which 
recognize a defined antigen of Mycobacterium tuberculosis induce 
arthritis when injected into susceptible rats 1. 

In this chapter the basic mechanisms of antigen presentation will 
be outlined and related to mechanisms of induction of T lymphocyte 
responses to bacterial antigens. Particular attention will be paid to the 
presentation and recognition of M. tuberculosis because of the known 
involvement of this bacterium in the pathogenesis of arthritis. 

THE STRUCTURE AND FUNCTION OF THE MAJOR 
HISTOCOMPATIBILl1Y COMPLEX 

A genetic component in the control of immune responses was first 
suggested by German physicians who noted that the outcome of 
diphtheria infection varied among different families. The importance 
of the Major Histocompatibility Complex (MHC) in the control of 
immune responses was first appreciated from studying mechanisms of 
graft rejection2 • The availability of inbred strains of mice enabled the 
magnitude of graft rejection to be ascribed to differences between 
donor and recipient at loci at and within their MHC regions. MHC 
loci were divided into class I and II, the latter controlling the strongest 
rejection responses. Later, the control of the magnitude of responses 
to experimental protein antigens was mapped also to the MHC class 
II loci. It was suggested that the magnitude of immune responses 
was either mediated through direct involvement of MHC-encoded 
molecules in antigen recognition or through some constraint upon T 
lymphocytes, involving either the absence of T lymphocytes with the 
appropriate specificity or the action of suppressor T lymphocytes. 
There is evidence to support each of these models and the relative 
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importance of each remains a subject for debate. 
The human MHC, known as the HLA region, is found on chro­

mosome six. Although analogous to murine MHC there are some 
differences in its structure and in particular the region encoding class 
II molecules is more complex3. There are at least three class II loci, 
called DP, DQ and DR (mice have only two) each of which contains 
genes encoding rx and P chains of class II molecules. There are three 
class I loci, called B, C and A, separated from class II genes by a 
class III region which includes genes encoding for the complement 
components C2 and C4. 

MHC MOLECULES AND THEIR INTERACTION WITH PEPTIDE 
ANTIGENS 

MHC class I molecules comprise a single transmembrane glycoprotein, 
called the rx chain, which is bound non-covalently to P2-microglobulin4. 
All nucleated cells express class I molecules. MHC class II molecules 
comprise two transmembrane glycoproteins of similar molecular mass 
called the rx and P chains5• These molecules have a more limited tissue 
distribution and are normally expressed only on dendritic cells (and 
related cell types), thymic epithelium, and some macrophages, Band 
(in humans) T lymphocytes. Many non-lymphoid cell types can be 
induced to express MHC class II, for example, by culturing with 
y-interferon. Generally, cytotoxic T lymphocytes recognize antigens 
in association with MHC class I molecules whereas helper T lympho­
cytes recognize antigens in association with MHC class II molecules. 

Following the demonstration that T lymphocytes have to recognize 
both antigen and 'self' MHC molecules6,7 the question arose as to 
whether or not this was achieved using a single T cell receptor. Elegant 
experiments by Schwartz and co-workers8 showed that the fine speci­
ficity of a peptide antigen from pigeon cytochrome c was determined 
by the MHC class II haplotype of the APC, suggesting that interaction 
between antigen and MHC class II molecules occurred. Then, Unanue 
and co-workers demonstrated, by equilibrium dialysis, binding in 
solution of a hen egg lysozyme peptide to purified MHC class II 
molecules from a responder, but not non-responder, haplotype9• 

Finally, Grey and co-workers used gel filtration to measure the rate 
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of binding of a variety of peptide antigens to purified MHC class II 
molecules lO • Rates of association and dissociation were slow (relative 
to the rate of binding of antigens to antibodies) and the complexes 
were sufficiently stable to be presented in liposomes to antigen-specific 
T cell clones. These experiments showed that peptide antigens bind 
specifically to MHC molecules. Furthermore, the isolation and char­
acterization of the genes encoding the (X and p chains of the T cell 
receptor was followed by the demonstration that transfection of T cell 
receptor genes conferred upon the recipient T cell both the antigenic 
specificity and MHC restriction of the donor T celP 1. Thus, there is 
strong evidence that antigen presentation is effected by a complex of 
peptide antigen bound to MHC molecule which is recognized by a 
single T cell receptor. 

Much current interest is focused upon the configuration adopted in 
situ by peptide antigens in relation to the MHC molecule and T cell 
receptor. Some experiments suggest an (X-helicaP2, others a linear 
configuration13 , but there is no apparent reason why constraints on 
the options available should necessarily exist. Recently the crystal 
structure of an HLA class I molecule was elucidated14 and from this 
a prediction of the tertiary structure of a class II molecule made15 . 

The antigen binding region was formed by a groove distal to the cell 
membrane and comprised two (X-helical structures each on either side 
of a floor formed by a p-pleated sheet. Although data on the three­
dimensional structure of MHC molecules is limited at present, much 
of the available information is consistent with previous analyses ident­
ifying sites of polymorphism between, and sites of binding of alloan­
tibodies to, MHC molecules. 

Recently, strategies have been developed for predicting, on the basis 
of primary sequence, regions in proteins most likely to be antigenic 
for T lymphocytes. One approach was to identify sequences liable to 
form amphipathic (X-helices in solution16• Another was based upon the 
identification of a characteristic 'motif' in approximately 80% of 
defined T cell epitopes which allowed prediction not only of the site 
ofT cell epitopes but also of the MHC haplotype to which they would 
be restricted 17. Analysis of a larger number of protein antigens will 
allow the general usefulness of these approaches to become clear. 
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ACCESSORY MOLECULES 

In addition to the structures described above, which are concerned 
with specific recognition, other molecules on the APC and T lym­
phocyte are required in some cases for helper T cell activation. These 
include LFA-1 18, LFA-319, CD220 and CD421 . It appears that these 
molecules serve to promote cell-<:ell binding although knowledge of 
their function is incomplete. Similarly, cytokines such as IL-F2 and 
IL_623 may have a role in activation of some T cells either through 
direct binding to the T lymphocyte or through an effect on the APC 
involved. 

ANTIGEN PROCESSING 

Proteins which contain antigens recognized by T lymphocytes often 
require structural alteration in order that the antigen may be presented. 
Early work showed that bacteria and experimental proteins were taken 
up and degraded by macrophages following which the antigens could 
be presented24. Furthermore, APC rendered metabolically inactive 
by fixation in glutaraldehyde could present degraded fragments of 
ovalbumin but not the native molecule to ovalbumin-specific T cell 
hybridomas25. Later, it was found that other pathways of processing 
existed besides that of intracellular degradation. Fixed APe could 
not present native myoglobin but did so when the myoglobin was 
methylated, a procedure which was thought to expose the T cell 
epitope by inducing conformational change in the molecule26. Some 
workers proposed a role for membrane-bound proteases in protein 
degradation27, whilst others showed that native proteins could be 
presented in liposomes presumably because T cell epitopes were 
already exposed28. There has also been a broadening view of the types 
of cells capable of processing antigens. Macrophages are probably 
of particular importance for protein degradation, particularly for 
bacterial and experimental antigens, but non-phagocytic dendritic 
cells and B lymphocytes can also process some microbial antigens 
and the existence of class I-restricted cytotoxic T lymphocytes which 
recognize influenza virus nucleoprotein suggests that many types of 
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target cell can process viruses to present internal viral antigens on 
their cell surface membranes29• 

ANTIGEN PRESENTING CELLS 

Whilst early studies focused upon the role of macrophages it is now 
clear that other bone-marrow derived cell types are important APe. 
The functional significance of APC heterogeneity is not fully under­
stood but there are known differences both in the ability of different 
APC to process and present different antigens, and in the types of T 
cells activated by different APe. Any cell which expresses MHC class 
II molecules has the potential to present antigen. Several non-myeloid 
cell types (such as endothelial cells30) have been induced to express 
MHC class II molecules in vitro and thus to function as APC for T 
cell lines or clones. However, the activation requirements of these 
highly-differentiated T cells are probably quite different from those of 
less-differentiated T cell populations, and it is questionable whether 
non-myeloid cells are important APC in vivo. 

Steinman-Cohn Dendritic Cells 

Dendritic cells (DC) were purified originally from mouse lymphoid 
tissues3 ! and possess a characteristic dendritic morphology in vitro. 
They are non-phagocytic, transiently adherent cells which express a 
high density of MHC class II molecules on their surface membranes. 
They are potent cells for inducing syngeneic and allogeneic mixed 
leukocyte responses and can present experimental protein antigens, 
haptens, autoantigens and microbial antigens32 • The ability of DC to 
present some microbial antigens is dependent upon the function of 
macrophages33 , perhaps indicating a limitation in their processing 
capacity. DC may be the most important APC for inducing primary 
T cell responses and the observation that they can present haptens to 
unprimed T lymphocytes is consistent with this view34 • DC appear to 
be related closely to Langerhans cells, veiled cells and interdigitating 
cells (see below) and it seems likely that these cells are all the same 
type assuming slightly different phenotypes in different sites of the 
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body. Cells with features similar to DC have been isolated from human 
peripheral blood and from sites of chronic inflammation, such as 
synovial fluid35 • 

Langerhans Cells 

Langerhans cells are found in mammalian epidermis where they have 
a dendritic morphology and express MHC class II molecules in large 
density. Langerhans cells contain characteristic intracellular organ­
elles called Birbeck granules36 whose function is unknown, and 
in humans express CDI molecules on their cell surfaces37 • It has been 
difficult to purify Langerhans cells from epidermis but they appear to 
be mobile cells and to have a central role in the induction of contact 
sensitization34• 

Veiled Cells 

Veiled cells are found in afferent, but not efferent, lymphatics38 . They 
are remarkably similar in phenotype and function to DC and are 
probably the form in which DC-like cells in the periphery, such as 
Langerhans cells, transport antigens to lymph nodes. 

Interdigitating Cells 

Interdigitating cells are dendritic cells seen in T cell areas of spleen 
and lymph node39• They are probably included in the populations 
purified as DC in vitro. 

B Lymphocytes 

B lymphocytes bind antigens specifically using cell membrane immu­
noglobulin receptors. Antigens may then be processed and T cell 
epitopes expressed in association with MHC class II molecules on B 
lymphocyte cell membranes4o. This provides the basis for the delivery 
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by T lymphocytes of help for antibody production. Antigen-specific 
helper T lymphocytes recognize and bind these complexes, sub­
sequently delivering signals (such as cytokines) to facilitate different­
iation of the B lymphocyte into an antibody-secreting cell. The 
T lymphocytes themselves may undergo proliferation subsequently. 
Although B lymphocytes are probably not required for the induction 
of primary T cell responses they appear to be important for the 
expansion of antigen-specific helper T lymphocyte populations in vivo. 

Macrophages 

Macrophages have a wide distribution in tissues and the circulation. 
They are adherent, phagocytic cells which have a variety of biological 
functions41 . One characteristic is the presence of intracellular lyso­
somes which contain a variety of proteolytic enzymes. Macrophages 
either express or can be induced to express surface membrane MHC 
class II molecules. They are poor inducers of mixed leukocyte 
responses compared to DC and although they appear capable of 
presenting antigens to T lymphocytes it may be that their role as an 
antigen processing cell is more important. 

T Lymphocytes 

Some human T lymphocytes express MHC class II molecules. The 
general significance of this is unclear but it may provide a mechanism 
for presenting antigens from viruses which bind specifically to mol­
ecules expressed on T lymphocytes42. 

THE INDUCTION OF T LYMPHOCYTE RESPONSES TO BACTERIAL 
ANTIGENS 

In the first definitive studies of antigen processing, presentation by 
macrophages of Listeria monocytogenes to MHC class II-restricted T 
cells was shown to be an active, time-dependent process involving an 
intracellular step24. After uptake of bacteria a period of sixty minutes 
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was required before T lymphocytes would bind to the macrophages. 
This step was sensitive to treatment of macrophages with chloroquine 
or ammonium chloride, and after the stage of processing macro phages 
could be fixed in paraformaldehyde without abrogating their ability 
to present that antigen. Macrophages had also a critical role in the 
presentation of Corynebacterium parvum to specific T celllines33 . The 
ability of spleen DC to present these bacterial antigens was dependent 
upon the presence of macrophages, could not be reproduced by adding 
macrophage culture supernatant or IL-l to the DC and was sensitive 
to treatment of the macrophages with chloroquine. In contrast, macro­
phages were not required for DC to present polymeric flagellar protein 
of Salmonella33 , purified protein derivative of Mycobacterium tubercu­
losis43 or whole non-viable M. tuberculosis organisms43 • Both DC and 
macrophages presented whole Mycobacteria but DC were more potent 
and their potency was not increased by the addition of macrophages. 
These experiments showed that phagocytic cells were not required for 
the presentation of antigens from whole M. tuberculosis and supported 
the view that DC can process bacterial proteins on their surface 
membranes. 

THE ROLE OF T LYMPHOCYTE RESPONSES TO BACTERIAL 
ANTIGENS IN THE PATHOGENESIS OF CHRONIC POLYARTHRITIS 

There are many recognized clinical associations between bacterial 
infections and the subsequent development of chronic, sometimes 
destructive, polyarthritis. One mechanism which could provide the 
basis for this association is that of immune cross-reactivity between 
bacterial antigens and host proteins. In susceptible strains of rats a 
single intradermal injection of complete Freund's adjuvant, containing 
killed M. tuberculosis in oil, induces chronic destructive arthritis which 
can be transferred to naive recipient rats by injection of lymphoid 
cells from affected rats. There may also be involvement of the spine, 
balanitis, urethritis, colitis, skin lesions and eye lesions44• This model 
can be reproduced using a variety ofbacteria45, including Streptococci 
(mutans, pyogenes and mitis), Lactobacillus plantarum and Staphy­
lococcus aureus. 

T lymphocytes were cloned from a cell line which responded in 
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vitro to M. tuberculosis. Clone A2b induced arthritis when injected 
intravenously into irradiated rats whereas clone A2c protected against 
the induction of arthritis and induced remission in affected rats!. The 
results suggested that this model of chronic destructive arthritis was 
mediated by specific T lymphocytes but the mechanisms involved are 
unknown. Clones A2b and A2c had a similar, though not identical, 
fine specificity focused on residues 180-188 of a region within the 65 
kD fraction of M. tuberculosi,s46. This region is homologous with M. 
bovis and is recognized also by human T lymphocytes. A comparative 
analysis of the 180-188 peptide revealed that four of the amino acids 
were identical to those within a nine amino acid sequence of rat 
proteoglycan link proteins. Link proteins are found close to where the 
core protein (from which different types of sugar chain extend) binds 
to the hyaluronic acid 'backbone' of the proteoglycan molecule. It 
was suggested that T lymphocytes specific for residues 180-188 of M. 
tuberculosis might cross-react with proteoglycan link proteins leading 
to the induction of chronic arthritis. 

SUMMARY 

There is increasing interest in the mechanisms by which bacterial 
antigens are processed and presented to helper T lymphocytes. These 
mechanisms are of fundamental importance for the induction of anti­
body-mediated immunity. T cell responses to bacterial antigens may 
be important both in determining the outcome of infective arthritis 
and in the pathogenesis of chronic polyarthritis. 

REFERENCES 

1. Cohen, I. R., Holoshitz, J., van Eden, W. and Frenkel, A. (1985). T lymphocyte 
clones illuminate pathogenesis and affect therapy of experimental arthritis. 
Arthritis Rheum., 28, 841 

2. Schwartz, R. H. (1986). Immune Response (lr) genes of the murine Major Histo­
compatibility Complex. Adv. Immunol. 38, 31 

3. De Vries, R. R. P. (1988). Immunogenetics: HLA and arthritis. In Goodacre, 
J. and Carson Dick, W. (eds) Immunopathogenetic Mechanisms of Arthritis. 
(Lancaster: MTP Press Ltd.) 

4. Dobberstein, 8., Kvist, S. and Roberts, L. (1982). Structure and biosynthesis of 

162 



PRESENTATION OF BACTERIAL ANTIGENS TO T LYMPHOCYTES 

histocompatibility antigens. Phil. Trans. R. Soc. Land. 8300, 161 
5. Kaufman, J. F., Auffray, c., Korman, A. J., Shackleford, D. A. and Strominger, J. 

(1984). The class II molecules of the human and murine Major Histocompatibility 
Complex. Cell, 36, 1 

6. Rosenthal, A. S. and Shevach, E. M. (1973). Function of macro phages in antigen 
recognition by guinea pig T lymphocytes. I. Requirement for histocompatible 
macrophages and T lymphocytes. J. Exp. Med., 138, 1194. 

7. Zinkernagel, R. M. and Doherty, P. C. (1974). Antigen recognised by altered self. 
Nature, 248, 701 

8. Heber-Katz, E., Schwartz, R. H., Matis, L. A., Hannum, c., Fairwell, T., Appella, 
E. and Hansburg, D. (1982). Contribution of antigen presenting cell major 
histocompatibility complex gene products to the specificity of antigen induced T 
cell activation. J. Exp. Med. 155, 1086 

9. Babbitt, B. P., Allen, P., Matsueda, G., Haber, E. and Unanue, E. R. (1985). 
Binding of immunogenic pep tides to la histocompatibility molecules. Nature, 
317, 359 

10. Buus, S., Sette, A., Colon, S., Miles, C. and Grey, H. M. (1987). The relation 
between major histocompatibility complex (MHC) restriction and the capacity 
of la to bind immunogenic peptides. Science, 235, 1353 

11. Dembic, Z., Haas, W., Weiss, S., McCubrey, J., Kiefer, H., von Boehmer, H. 
and Steinmetz, M. (1986). Transfer of specificity by murine IX and P T-cell receptor 
genes. Nature 320, 232 

12. Allen, P., Matsueda, G. R., Evans, R. J., Dunbar, J. B. Jr., Marshall, G. R. and 
Unanue, E. R. (1987). Identification of the T cell and la contact residues of aT 
cell antigenic epitope. Nature, 327, 713 

13. Sette, A., Buus, S., Colon, S., Smith, J. A., Miles, C. and Grey, H. M. (1987). 
Structural characteristics of an antigen required for its interaction with la and 
recognition by T cells. Nature, 328, 395 

14. Bjorkman, P. J., Saper, M. A., Samraoui, B., Bennett, W. S., Strominger, J. L. 
and Wiley, D. C. (1987). Structure of the human class I histocompatibility antigen, 
HLA-A2. Nature, 329, 506 

15. Brown, J. H., Jardetzky, T., Saper, M. A., Samraoui, B., Bjorkman, P. J. and 
Wiley, D. C. (1988). A hypothetical model of the foreign antigen binding site of 
class II histocompatibility molecules. Nature, 332, 845 

16. Delisi, C. and Berzofsky, J. A. (1985). T cell antigenic sites tend to be amphipathic 
structures Proc. Natl. Acad. Sci. USA, 82, 7048 

17. Rothbard, J. B. and Taylor, W. R. (1988). A sequence pattern common to T cell 
epitopes. EMBO J., 7, 93 

18. Regnier-Vigouroux, A., Blanc, D., Pont, S., Marchetto, S. and Pierres, M. 
(1986). Accessory molecules and T cell activation. I. Antigen receptor avidity 
differentially influences T cell sensitivity to inhibition by monoclonal antibodies 
to LFA-I and L3T4. Eur. J. Immunol., 16, 1385 

19. Breitmeyer, J. B. (1987). How T cells communicate. Nature, 329, 760 
20. Meuer, S. c., Hussey, R. E., Fabbi, M., Fox, D. A., Acuto, 0., Fitzgerald, K. A., 

Hodgson, J. c., Protentis, J. P., Schlossman, S. F. and Reinherz, E. L. (1984). An 
alternative pathway ofT cell activation: a functional role for the 50 kd Til sheep 
erythrocyte receptor protein J. Exp. Med., 36, 897 

21. Saizawa, K., Rojo, J. and Janeway Jr, C. A. (1987). Evidence for a physical 
association of CD4 and CD3:IX:P T cell receptor. Nature, 328, 260 

163 



INFECTIONS AND ARTHRITIS 

22. Dinarello, e. A, Cannon, J. G., Mier, J. W., Bernheim, H. A, Lopreste, G., 
Lynn, D. L., Love, R. N., Webb, A. C., Auron, P. E., Reuben, R. C., Rich, A., 
Wolff, S. M. and Putney, S. D. (1986). Multiple biological activities of human 
recombinant interleukin 1. J. Clin. Invest.,77, 1734 

23. Houssiau, F. A., Coulie, P. G., Olive, D. and Van Snick, J. (1988). Synergistic 
activation of human T cells by interleukin 1 and interleukin 6. Eur. J. Immunol., 
18,653 

24. Ziegler, H. J. and Unanue, E. R. (1981). Identification of a macrophage antigen 
processing event required for I-region restricted antigen presentation to T lym­
phocytes. J. Immunol., 127, 1869 

25. Shimonkevitz, R., Kappler, J., Marrack, P. and Grey, H. (1983). Antigen rec­
ognition by H-2 restricted T cells. I. Cell-free antigen processing. J. Exp. Med., 
158, 303 

26. Streicher, H. Z., Berkower, I. J., Busch, M., Gurd, F. R. N. and Berzofsky, J. A. 
(1984). Antigen conformation determines processing requirements for cell acti­
vation. Proc. Natl. Acad. Sci. USA. 81, 6831 

27. Buus, S. and Werdelin, O. (1986). Oligopeptide antigens ofthe angiotensin lineage 
compete for presentation by paraformaldehyde-treated accessory cells to T cells. 
J. Immunol., 136,459 

28. Walden, P., Nagy, Z. A. and Klein, J. (1986). Antigen presentation by liposomes: 
inhibition with antibodies. Eur. J. Immunol., 16, 717 

29. Townsend, A E. M., Gotch, F. M. and Davey, J. (1985). Cytotoxic T cells recog­
nize fragments of the influenza nucleoprotein. Cell, 42, 457 

30. Hirschberg, H., Bergh, O. J. and Thorsby, E. (1980). Antigen presenting prop­
erties of human vascular endothelial cells. J. Exp. Med., 152,249 

31. Steinman, R. M., and Cohn, Z. A. (1973). Identification of a novel cell type 
in peripheral lymphoid organs in mice. I. Morphology, quantitation, tissue 
distribution. J. Exp. Med., 137, 1142 

32. Austyn, J. M. (1987). Lymphoid dendritic cells. Immunology, 62, 161 
33. Guidos, e., Sinha, A A. and Lee K-e. (1987). Functional differences and com­

plementation between dendritic cells and macrophages in T cell activation. 
Immunology, 61, 269 

34. Macatonia, S. E., Knight, S. e., Edwards, A J., Griffiths, S. and Fryer, P. (1987). 
Localisation of antigen on lymph node dendritic cells following exposure to the 
contact sensitizer fluorescein isothiocyanate. J. Exp. Med. 166, 1654 

35. Harding, B. and Knight, S. e. (1986). The distribution of dendritic cells in the 
synovial fluids of patients with arthritis. Clin. Exp. Immunol., 63, 594 

36. Birbeck, M. S., Breathnach, A. S. and Everall, J. D. (1961). An electron micro­
scope study of basal melanocytes and high level clear cells (Langerhans cells) in 
vitiligo. J. Invest. Dermatol., 37, 51 

37. Murphy, G.F., Bhan, A.K., Sato, S., Harrist, T.J. and Mihm, M.e. (1981). 
Characterisation of Langerhans cells by the use of monoclonal antibodies. Lab. 
Invest., 45, 465 

38. Drexhage, H. A., Mullink, H., De Groot, J., Clarke, J. and Balfour, B. M. (1979). 
A study of cells present in peripheral lymph of pigs with special reference to a 
type of cell resembling the Langerhans cell. Cell Tissue Res., 202, 407 

39. Kamperdijk, E. W. A, Kapsenberg, M. L., Van den Berg M. and Hoefsmit, 
E. e. M. (1985). Characterisation of dendritic cells isolated from normal and 
stimulated rat lymph nodes. Cell Tissue Res., 242,469 

164 



PRESENTATION OF BACTERIAL ANTIGENS TO T LYMPHOCYTES 

40. Lanzavecchia, A. (1985). Antigen-specific interaction between T and B cells. 
Nature, 314, 537 

41. Unanue, E. R. (1972). The regulatory role of macrophages in antigenic stimu­
lation. Adv. lmmunol., 15,95 

42. Lanzavecchia, A., Roosnek, E., Gregory, T., Berman, P. and Abrignani, S. 
(1988). T cells can present antigens such as HIV gpl20 targeted to their own 
surface molecules. Nature, 334, 530 

43. Kaye, P. M., Chain, B. M. and Feldmann, M. (1985). Non-phagocytic dendritic 
cells are effective accessory cells for anti-mycobacterial responses in vitro. J. 
lmmunol., 3, 1930 

44. Pearson, C. M. (1956). Development of arthritis, periarthritis and periostitis in 
rats given adjuvants. Proc. Soc. Exp. Bioi. Med. 91, 95 

45. Ebringer, R. (1979). Spondylarthritis and the post-infectious syndromes. Rheu­
mato!' Rehab., 18,218 

46. Van Eden W., Thole, J. E. R., van der Zee, R., Noordzij, A., van Embden, 
J. D. A., Hensen, E. J. and Cohen, I. R. (1988). Cloning of the mycobacterial 
epitope recognised by T lymphocytes in adjuvant arthritis. Nature, 331, 171 

165 



INDEX 

N-acetyl-p-glucosaminidase 145 
acne conglobata 28 
acne fulminans 28 
acquired innunodeficiency syndrome 

(AIDS) 56, 60 
acrodermatitis chronica atrophicans 23 
adjuvant arthritis 32-3 
animal models of arthritis 32-3 
ankylosing spondylitis 35, 90 
anticonnective tissue antibodies 90 
antidiotype antibodies 60 
antigen-presenting cell 158-60 

dendritic cells 158-9 
macro phages 160 
others 159, 160 

antigen processing 157-8 
arachidonic acid 147 
arboviruses 101-11 

chronic arthritis associated 107-8 
diagnosis 108-9 
treatment 110 

arthralgia, transient 36 
arthroplasty, infected 119 
Arthus reaction 90 
aspergillus infection 89 
astrocytes 159 

bacteriallipolysaccharide 126 
Baker's cyst 6 
B cells (lymphocytes) 54, 159-60 
bilharziasis see schistosomiasis 
blood group antigens 37 
bowel diseases, arthritis due to 27-8 
brucellosis 21 

brushite crystals 11, 13, 14 
bystander damage 58 

calcium hydroxyapatite crystals 13, 14 
calcium oxalate crystals 13, 14 
calcium pyrophosphate arthropathy, 

acute (pseudogout) 3, 12 
calcium pyrophosphate crystals 12 
Campylobacter arthritis 31,90 
Candida infection 89 
caprine arthritis-encephalitis virus 55, 

59,62-5 
cathepsin B 145 
cathepsin D 145 
cathepsin G 144 
cationic proteins 145 
cellulitis 5 
Chediak-Higashi syndrome 86 
Chikungunga virus 102-3 

infection 103-4, 107-8 
diagnosis 108-9 
treatment 110 
vaccine 110 

Chlamydia arthritis 90 
Chlamydial elementary bodies 31 
Chlamydia trachomatosis 31 
chloramines 141 
chloroquine 17 
cholesterol crystals 12 
chondrocalcinosis 13-14 
chondrocytes 159 
chronic arthritis, organisms 

causing 19-25,88-9 
c1otrimazole 17 

167 



INDEX 

Clostridium perfringens 33--4, 34, 35 
Clutton's joints 24 
collagenase 145 
corticosteroids 4 

anti proliferative drugs combined 87 
crystalline deposits 13 
intra-articular injection 87 

Coxsackie B infection 73 
C-reactive protein 19 
cryoglobulinaemia, mixed essential 71, 

72 
cystic fibrosis 28 
cytochrome b~245 139 
cytokines 37, 121 

clinical measurement 126-31 
see also interleukin-l; tumour necrosis 

factor 
cytomegalovirus 59, 89 

dapsone 17 
defensins 145 
dendritic cells 158-9 
dengue virus 106 
dental extraction, infection 

following 87 
diphtheroids 35 
DRI 62 

elastase 144 
enteric acquired reactive arthritis 

(EARA) 29-30 
epidemic polyarthritis 105, 107 
Epstein-Barr virus 56, 73, 75 
equine infectious anaemia virus 59 
Erisipelothrix rhusiopathiae 32 
erythema chronicum migrans 22 
erythema infectiosum 68 
erythema multiforme 89 
erythema nodosum 37, 89 

FAD flavoprotein 
Felty's syndrome 
Fenton reaction 
Freund's adjuvant 

139 
18, 86 

141-2 
32 

gelatinase 146 
glucocorticoids 71 
p-glucuronidase 145 
glutathione peroxidase 140 

gold 17 
gonococcal arthritis 27 
gonococcal infection, disseminated 27 
gonococcal septicaemia 7 
gonococci 90 
gout 3, 12 

diuretic-induced 7 

Haber-Weiss reaction 141 
p-haemolytic streptococcus, group 

A 90 
Henle-Koch postulates 55 
Henoch-Schonlein purpura 7 
hepatitis B virus 58, 70-2 
herpes zoster 89 
histoplasmosis 89 
human immunodeficiency virus 

(HIV) 56,60 
human parvovirus B19 53,62,68-70 
hydrogen peroxide 140 
hypochlorous acid 140-1 

immunoglobulins 
19A 37 
IgG 58 

Igbo-Ora virus 106 
immune response 58 
immunoglobulin deficiency 86 
immunosuppressive drugs 87 

opportunistic organisms causing 
infection 88 (table) 

inflammatory arthritis 90 
influenza virus 59 
interferon 55, 58 
intestinal bypass arthritis 27-8 
interdigitating cells 159 
interleukin-l 58, 121, 122--4 

biological activities 123 (table), 124 
(table) 

clinical measurement 126-31 
endogenous pyrogen activity 128-9 
mononuclear cell factor 129 

induction 125-5 
mediator of tissue damage in septic 

arthritis 131 
molecular characteristics 122 (table) 
receptor 123 

interleukin-2 125 
interleukin-6 125 

168 



INDEX 

Jaccoud's arthritis 26 
joint capsule rupture 5-6 

klebsiella 90 
Klebsiella pneumoniae 35 

lactoferrin 145--6 
Langerhans cells 159 
'lepra' cells 99 
leprosy 96--9 

IgM rheumatoid factor 98-9 
putative mechanisms 99 
treatment 97 

leptospira 24 
leukotrienes 147 
levamisole 17 
listeria infection 89 
Lyme disease 22--4, 54 
lymphocytes 

synovial 55 
virus-infected 59 

lymphocytosis cutis benigna 23 
Iymphotropic herpes virus (HBL V) 56 
lysozyme 143--4, 145 

macrophages 160--1 
major histocompatibility complex 

154ff. 
O(-mannosidase 145 
Mayaro virus 106 
measles virus 58, 59 
meningococcal arthritis 26, 90 
metronidazole 17 
monoarthritis, acute (red hot joint) 

1-15 
arthroscopy 15 
bacteriological cultures 15 
blood tests 14 
differential diagnosis 2 
examination 4--7 
history 2--4 
radiology 13-14 
synovial fluid 7-13 

aspiration 7 
calcium hydroxyapatite 

crystals 13 
calcium oxalate crystals 13 
calcium pyrophosphate 

crystals 12 

cholesterol crystals 12 
culture 8-9 
light macroscopy 10 
modo sodium urate crystals 12 
polarizing light microscopy II 
steroid crystalline deposits 13 
white cell count 9 

mononuclear cell factor 129 
mononuclear phagocytic system, virus-

infected cells 59 
monosodium urate crystals 12 
morphea 23 
mucosal immune response 37 
multisystem vasculitis, hepatitis B 

antigenaemia associated 71 
mumps 72-3 
Mycobacterium leprae 96--7, 160 
Mycobacterium tuberculosis 154, 161-2 
mycoplasma 25, 35 

pigs and rabbits infected 32 
myeloperoxidase 140, 143 

NAPDH complex 139 
neoantigens, host 58 
neutropenia 86 

organisms causing 87 (table) 
nocardia infection 89 
non-steroidal anti-inflammatory drugs 

(NSAIDs) 4 
nucleic acid sequences, viral 54 

O'nyong nyong virus 102-3 
infection 105 

diagnosis 108-9 
treatment 110 

opportunistic organisms 85-91 
cause of chronic arthritis 88-91 
infection in immunosuppressive 

therapy 88 
neutropenia due to 87 (table) 

osteochondromatosis 14 
osteomyelitis, acute 6 

panencephalitis, subacute 
sclerosing 58 

parvoviruses 68 
RA-I 74 

peptidoglycans 36 
phagolysosomes 142 

169 



INDEX 

phospholipase C 147 
pigmented villonodular synovitis 14 
plantar/palmar pustulosis 28 
plasmablasts 54 
plasmids 35, 36 
podagra 4 
polyarteritis nodosa 71, 72 
polymorphonuclear leukocytes 135--48 

chemotaxis 138 
granule constituents 143 (table) 
granule types 146 
inflammatory mediators 147 
margination 137-8 
maturation 136--7 
origins 136--7 
phagocytosis 138--42 

lysosomal enzyme release 138, 
143-6 

reactive oxygen species 138--42 
post-infective arthritis 90 
Poncet's disease 20 
prostaglandins EJ/E2 147 
prosthetic joint infection 87, 88 (table), 

89 
proteinase-3 144 
Proteus mirabilis 35 
pseudo gout (calcium pyrophosphate 

arthropathy) 12 
pseudomembranous colitis, antibiotic­

induced, reactive arthritis 
following 31 

psittacosis 31-2 

rabbits 
herpes simplex arthritis 55 
intra-articular bacteria 33 

reactive arthritis 25-32,90 
HLA-B27-related arthropathy 25, 

28-32 
non-HLA B27-related 

arthropathy 25, 26--8 
red hot joint see monoarthritis, acute 
Rei ter' s cells 10 
Reiter's syndrome 7,28,29 

ankylosing spondylitis associated 35 
Shigella flexneri-induced 30 

retroviruses 56 
reverse transcriptase 55 

rheumatic fever 26, 37 

rheumatoid arthritis 18-19 
causes 34-5,90 
cell-mediated immunity defect 87 
dogs 34 
Epstein-Barr virus associated 75 
fatal infection 85 
gut-associated arthritis? 34 
neutrophil function defect 87 
subgroups 37 
viral aetiology 53, 74-6 

rheumatoid factor 34, 70, 71 
rheumatoid synovium 54 
Ross river virus 102-3 

infection 105-6, 107 
diagnosis 108-9 

rubella 66--8 
wild infection 67 

rubella virus 53, 54, 66 
isolation two years after 

vaccination 74 

Salmonella arthritis 30, 90 
sexually acquired reactive arthritis 

(SARA) 31-2 
Schistosoma haematobium 93, 94 
Schistosoma japonicum 93 
Schistosoma mansonii 93, 94, 95 
schistosomiasis (bilharziasis) 93-6 

IgM rheumatoid factor 95 
putative mechanism 99 
synovial fluid 95 

self-proteins 153, 155 
septic arthritis 89 

management 115-119 
artificial joint 119 
initial 115-17 
late 118 

salmonella-induced 30 
'serum sickness'-like syndrome 71 
Shigella 90 
Shigellaflexneri 30 
Sindbis virus 102 

infection 104, 105 
staphylococcal septicaemia 7 
Streptobaccillus moniliformis 24 
streptococcal arthritis, rats 33 
subacute sclerosing panencephalitis 58 
sulphamethoxazole 17 
sulpha pyridine 17 

170 



INDEX 

sulphasalazine 17 
supraspinatus tendinitis, calcific 14 
synovitis, pigmented villonodular 14 
synthetase (2-5A) 55 
syphilis 24 
systemic lupus erythematosus 19 

cell-mediated immunity defect 87 
fatal infection 85 
neutrophil function effect 87 

T-cells (lymphocytes) 55 
antigen presentation 153-62 

MHC class II-T-cell receptor­
antigen association 155-6, 
158-61 

requirements for processing of 
antigen prior to recognition by 
T -cells 157-8 

cytotoxic 58 
total lymphoid irradiation 87 
toxoplasma infection 89 
tuberculin allergy 60 
tuberculosis 60 
tuberculous arthritis 20, 89 
tumour cells 159 
tumour necrosis factor 121, 125 

clinical measurement 126-31 
endogenous pyrogen activity 

128-9 
mononuclear cell factor 129 

induction 125-6 
mediator of tissue damage in septic 

arthritis 131 
molecular characteristics 122 (table) 

171 

ubiquinone 139 
ureaplasma arthritis 25,90 
urethritis 3-4 
urogenital instrumentation, infection 

following 87 

veiled cells 159 
vertebral osteomyelitis, salmonella-

induced 30 
viral arthritis 62-76 
viral genome 60 
viral proteins 56-8 
viral persistence 58-60 
virions 56, 58 
viruses 53-76 

cause of chronic arthritis 54-6 
host injury 57 (fig.) 
pathogenesis of chronic arthritis 

60--2 
virus-host interactions 56-60 

vitamin B'2-binding protein 146 

West Nile virus infection 107 
Whipple's disease 21-2 

xanthomata 7 

yaws 24 
yersinia 90 
Yersinia enterocolitica arthritis 30--1 
yellow fever virus 102 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




